Scouring and dag in sheep in Western Australia: the role of parasitic nematodes and nutritional factors in diarrhoea in sheep of post-weaning age by Jacobson, Caroline
    
 
 
SCOURING AND DAG IN SHEEP IN WESTERN AUSTRALIA 
 
THE ROLE OF PARASITIC NEMATODES AND NUTRITIONAL FACTORS IN 
DIARRHOEA IN SHEEP OF POST-WEANING AGE 
 
 
 
 
Caroline Jacobson 
BSc BVMS (Hons I) 
 
 
School of Veterinary and Biomedical Sciences 
Murdoch University 
 
 
 
 
 
 
 
 
This thesis is presented for the degree of Doctor of Philosophy 
of Murdoch University 
 
2006 
    Page i 
ABSTRACT 
Diarrhoea (“scouring”) in sheep increases the risk of faecal soiling of the 
breech (“dag”) that in turn causes significant production losses for sheep producers 
and increases susceptibility of sheep to breech blowfly strike. The common causes of 
scouring in sheep of post-weaning age in Western Australia have not been well 
described. 
In a written questionnaire sent to sheep producers in the south west of 
Western Australia, about half of the respondents reported lamb, hogget and ewe 
flocks with moderate or severe dag. Flocks with moderate or severe dag were 
reported more commonly in the winter and spring months in all age groups. Young 
sheep and mated ewes were most susceptible to moderate or severe dag. The 
utilisation of professional worm control advice and parasite management tools did 
not reduce the risk of moderate/severe dag.  
A study conducted at an abattoir showed that large strongyle worm egg 
counts (WEC) were frequently identified in lamb lines but were much less common 
in adult lines. The relationship between WEC and scouring was not clear, suggesting 
that factors other than large strongyle infections were important, particularly in adult 
sheep. The low WEC and seasonal scouring pattern observed in adult sheep was 
consistent with the larval hypersensitivity scouring syndrome and/or factors related 
to green pasture as potential common causes of scouring in adult sheep. This 
observation was consistent with detailed investigations of flocks with “low WEC 
scouring” that found larval hypersensitivity scouring syndrome or factors associated 
with green pasture were the most likely causes of scouring in eight of the nine flocks 
examined. Large immature worm burdens were common and the scouring sheep had 
more fourth stage larvae than normal sheep. Treatment with a fully effective drench Page ii   
and an ivermectin controlled-release rumen capsule did not result in a reduction of 
faecal moisture content between three and seven weeks after treatment. 
The effects of dietary soluble non-starch polysaccharides were studied using 
carboxymethylcellulose (CMC) as a model. The CMC model was used to 
demonstrate that significant interactions between diet and strongyle larvae 
determined both faecal consistency and strongyle establishment. Sheep fed CMC had 
softer, looser and wetter faeces, but the factors that determined faecal consistency 
were complex. Establishment of T. colubriformis was significantly greater in sheep 
fed CMC suggesting that the environment within the gut may affect establishment of 
T. colubriformis in the small intestine. The findings suggested that dietary factors 
may interact with strongyle larvae to determine both worm establishment and 
severity of scouring. 
The results of the studies described in this thesis suggested that factors related 
to immature strongyle larvae, diet and the immune response interact to determine the 
severity of the scouring observed in sheep of post-weaning age in the south west of 
Western Australia.    Page iii 
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CHAPTER 1:  INTRODUCTION 
Diarrhoea (“scouring”) in sheep is a major problem for the Australian sheep 
industry, primarily because it is a major cause of faecal soiling of the wool in the 
perianal area (or “breech”). Faecal matter adhered to the breech of sheep is 
commonly referred to “dag” in Australia and New Zealand. The photo in Figure 1.1 
shows three Merino sheep with dag of varying severity. 
Scouring and dags are considered common and widespread throughout the 
sheep farming areas in the south west of Western Australia, particularly in the winter 
and spring months. There appears to be considerable variation in the incidence of 
dags at many levels including between and within districts, between different breeds 
or strains of sheep, between age and gender groups of sheep and even between and 
within flocks of sheep on a single farm (Bell 1998). However, there are surprisingly 
few studies that have looked at the occurrence and pattern of scouring in an objective 
manner.  
Dags and faecal soiling of fleeces have important consequences for both 
sheep meat and wool enterprises both on and off the farm. On-farm consequences 
include effects on the health and welfare of the sheep and the productivity and 
profitability of the sheep enterprise. Off-farm consequences include effects on the 
quality of the meat and wool produced. 
Scouring and dag have become increasingly important research issue since 
2005 because of an international campaign against surgical mulesing by animal 
rights activists. Page 2  Chapter One: Introduction 
Figure 1.1: Merino sheep with varying severity of faecal soiling of the breech 
(“dag”). The sheep on the left has severe dag. The sheep in the middle and on the 
right are less severely affected  
 
 
1.1  ON-FARM CONSEQUENCES OF SCOURING AND DAGS 
Dags need to be removed because faecal soiling is a major risk factor for the 
development of fly strike of the breech area, otherwise known as “breech blowfly 
strike” (Miller 1939; Morley et al. 1976; Watts and Marchant 1977; Leathwick and 
Atkinson 1995). Blowfly strike (cutaneous blowfly myiasis) is a debilitating and 
often fatal condition caused by infestation of the skin by Lucilia spp., Phormia spp. 
and Calliphora spp. maggots resulting in destruction of skin (Blood and Studdert 
1988). Importantly, as the size of the soiled area increases, so does the risk of 
flystrike (Morley et al. 1976; Watts et al. 1979; Wardhaugh et al. 1989; Leathwick   Chapter One: Introduction  Page 3 
and Atkinson 1995; Leathwick and Atkinson 1996). Lost production of affected 
sheep, costs associated with treating affected animals and monitoring sheep for 
flystrike pose a significant economic cost to sheep producers (Bell 1998). 
Direct financial costs associated with dags in sheep include the labour cost of 
removing affected wool (otherwise known as “crutching”) and the reduced value of 
the wool that is removed. Wool removed at crutching is sold at heavily discounted 
prices due to the shorter staple length and staining of the fibre by faecal matter 
and/or urine. The most recent approximation of the direct costs associated with dag 
in sheep in Australia was made by Larsen et al (1995a) and estimated direct costs as 
varying from $0.18 to $1.45 per sheep. Increased dag severity was associated with 
increased cost based on the greater time required to remove dags and greater loss 
from devalued wool. The price paid for the crutchings relative to fleece wool varied 
from 52% for sheep with very mild or no dag to 26% for sheep with mild-moderate 
to severe dag. 
It is likely that the direct costs associated with dag have increased 
considerably since the publication of the study described above (Larsen et al. 1995a). 
The authors estimated the labour cost associated with crutching varied between $0.10 
and $0.60 per sheep. In 2006, Western Australian producers were paying up to $2.00 
per head for full contract crutching (Kevin Bell, personal communication). The 
Western Australian Contractors Award (2003) places a minimum cost of labour for 
crutching at $0.57 per sheep plus 9% superannuation and workers compensation 
(insurance), regardless of the extent of dag. This is the labour cost of the shearer and 
does not include the cost of the additional shed labour to pen the sheep, pick up and 
press the wool into bales. As sheep with severe dag take longer to crutch, the labour 
cost of shed hands per sheep will increase as severity of dag increases. Other “direct Page 4  Chapter One: Introduction 
costs” associated with crutching that were not considered in the above study included 
additional labour required for mustering sheep. 
Indirect costs associated with scouring and dag are more difficult to estimate 
and include the cost of insecticidal chemicals applied to prevent breech blowfly 
strike, cost of additional labour to treat sheep, reduced lambing percentages, lost 
production by flystruck sheep and sheep mortalities attributable to breech blowfly 
strike (Larsen et al. 1995a; Bell 1998; Waghorn et al. 1999). Many producers select 
a shearing time based on minimising the risk of fly strike, but this may have 
consequences for wool quality and the subsequent price achieved at sale (Counsell 
2001). The increased use of insecticidal treatments also has consequences associated 
with chemical residues in wool and increased risk of developing blowfly resistance 
to insecticide treatments. Potential problems associated with chemical residues are 
discussed in more detail in “Post-farm consequences of scouring and faecal soiling” 
(Chapter 1.2). 
Scouring is a common stimulus for the treatment of sheep with anthelmintics. 
The severity of scouring and dag is typically not correlated with the size of 
established worm burdens, particularly in mature immunocompetent sheep and so 
often anthelmintic treatment is not warranted (Larsen et al. 1994; Larsen et al. 1999). 
This increased and often unwarranted use of anthelmintic treatments is an 
unnecessary cost and increased frequency of treatment has been shown to hasten the 
development of anthelmintic resistance (Pritchard et al. 1980; Pullman et al. 1991; 
Larsen et al. 1994; Bell 1998; Dobson et al. 2001; Besier and Love 2003). This alone 
is a significant issue, particularly in Western Australia where resistance to all major 
groups of anthelmintic chemicals is widespread (Palmer et al. 2000; Besier and Love 
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Other “intangibles” such as animal welfare consequences and the unpleasant 
nature of crutching and treating struck sheep are also difficult to estimate, 
particularly in a financial sense. 
In addition to the costs associated with dag, a British study found that an 
episode of diarrhoea without evidence of systemic illness reduced the weight of 
affected lambs by approximately 2kg with the weight loss occurring over a five-week 
period (Green et al. 1998). The authors concluded that “even when lambs are not 
systemically ill with diarrhoea, they will have a reduced weight for age and will, 
therefore, take longer to achieve the required weight and cost more to rear to 
slaughter than unaffected lambs.” The effect of scouring on weight gain in lambs and 
adult sheep under different production systems in Australia (such as pasture and 
feedlots) has not been described in the scientific literature. 
1.2  POST-FARM CONSEQUENCES OF SCOURING AND FAECAL SOILING 
The “off-farm” costs associated with scouring and dags have not been 
quantified but are likely to be considerable, particularly in the sheep meat industry 
where faecal soiling is considered a major issue.  Faecal soiling of fleeces is an 
important source of microbial contamination of carcasses associated with reduced 
productivity for processors, reduced product shelf life and potential public health 
risks. The importance of scouring and dag to the sheep meat industry is discussed in 
more depth in Chapter Five. 
The potential threat to valuable export markets is also difficult to value. 
Many of Australia’s international markets have a zero tolerance for faecal 
contamination of meat products. In addition, the regulations regarding chemical 
residues associated with endo- and ecto-parasitic treatments in both meat and wool 
have tightened considerably in the past decade and are likely to continue to be Page 6  Chapter One: Introduction 
tightened for the foreseeable future as markets demand residue-free meat and wool 
products (Savage and Russell 1999; Williams and Brightling 1999, 2000). 
1.3  CAUSES OF SCOURING 
Although scouring is a widespread problem of major economic and welfare 
significance for the Western Australian sheep industry, the cause of scouring is often 
not identified. A large number of potential causes of diarrhoea have been identified 
and these are typically divided into infectious agents and non-infectious causes.  
Infectious agents associated with scouring include internal parasites (worms 
and protozoa), bacteria and viruses. Outbreaks of scouring due to infectious causes 
are typically sporadic and more common in young sheep that have not attained 
immunocompetence. Infectious causes of scouring are generally diagnosed by 
identification of the offending organism and/or associated pathological signs. In 
Western Australia, investigations of scouring in adult immunocompetent sheep 
commonly fail to identify infectious causes other than strongyle worm burdens. 
Non-infectious causes of scouring include a wide range of nutritional causes 
and toxic agents that are discussed in more detail in the Literature Review (Chapter 
Two). Many non-infectious causes of scouring in sheep, particularly nutritional 
causes, are not well understood. In general, non-infectious causes of scouring are 
often problematic to diagnose, particularly where diagnostic tests are not available or 
where the relevance of such findings may be questionable. Consequently, where an 
infectious agent cannot be identified, investigations are often unrewarding in terms 
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1.4  THESIS STRUCTURE 
The broad aim of this thesis was to examine the underlying causes of 
scouring in sheep of post-weaning age in the south west of Western Australia. Whilst 
scouring and dags are a major issue for the Western Australian sheep industry, this 
appears to be the first study attempting to describe the epidemiology and causes of 
scouring in Western Australia, particularly the common and widespread problem of 
“low worm egg count scouring” in mature sheep where the aetiology is often 
unknown. Sheep with this so-called “low worm egg count scouring syndrome” are 
typically otherwise healthy, maintaining or gaining body condition, grazing green 
pasture in the late winter or spring months, scouring with voluminous loose faeces 
with no associated loss of production or deaths (other than due to subsequent fly 
strike). It is beyond the scope of this project to investigate all causes of scouring in 
sheep, particularly the large number of infectious causes affecting sheep of pre-
weaning age and in the period immediately post-weaning. 
The literature review (Chapter Two) examines the risk factors associated with 
the development of dag in sheep and discusses causes of scouring in sheep of post-
weaning age in Western Australia (with an emphasis on epidemiology, pathogenesis 
of diarrhoea and diagnosis where appropriate). The literature review is followed by 
the general aims and hypotheses of the thesis. Chapter Three describes the materials 
and methods used throughout the thesis. This chapter also contains some description 
of problems associated with the interpretation of results using the methods described 
where appropriate. 
Chapter Four provides an epidemiological description of scouring and dag in 
the south west of Western Australia and examines some risk factors associated with 
dags. Chapter Five discusses the importance of scouring in the sheep meat industry Page 8  Chapter One: Introduction 
and investigates the importance of internal parasites and on-farm management of 
sheep as they relate to scouring in sheep consigned for slaughter. Chapter Six 
describes a series of on-farm investigations into the causes of low faecal worm egg 
count scouring in adult sheep, a common problem in Western Australia. Chapters 
Seven and Eight describe a series of experiments examining the importance of 
dietary carbohydrates on determining faecal consistency in sheep and how these may 
interact with strongyle worm infections to determine the severity of scouring.  
Chapter Nine provides a general discussion and conclusions from the findings 
of the thesis and suggests directions for future research. 
Whilst this thesis aims to investigate the problem of scouring in the south 
west of Western Australia, the research described is also of relevance to 
parasitologists, nutritionists and people managing sheep where scouring and dags are 
a serious production problem, particularly in the temperate medium-high rainfall 
areas of Australia and New Zealand.  
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CHAPTER 2:  LITERATURE REVIEW: CAUSES OF DAG AND 
DIARRHOEA IN SHEEP OF POST-WEANING AGE IN WESTERN 
AUSTRALIA 
Diarrhoea and dags are a significant problem for the Western Australian 
sheep industry. This literature review is divided into two parts. The first part 
examines the general factors that control faecal consistency and the accumulation of 
dags. The second part examines the potential causes of diarrhoea in sheep of post-
weaning age in Western Australia. 
2.1  RISK FACTORS FOR BREECH SOILING AND DAG 
Dag is the accumulation of faecal material around the anus (or “breech”) of 
sheep. The development of dag is initiated by the adherence of some faeces to wool 
and subsequent faecal accumulation develops principally by adhesion of more faeces 
to existing faecal matter already adhered in the breech region (Waghorn et al. 1999). 
The extent of faecal soiling of the breech is likely to depend on both the 
consistency of the faeces and the ability of the breech to trap faecal material (French 
and Morgan 1996). The severity of dag is therefore likely to be associated with 
factors that affect either of these aspects of faecal soiling. In any given flock of 
sheep, some sheep will have extensive dags and others will not, suggesting that some 
individuals are predisposed to dag. It has been suggested that some aspects of 
individual sheep that may affect the initiation and accumulation of dag include sex, 
tail length, wool type and length, perineal anatomy and physiological factors that 
determine the consistency of faeces (Waghorn et al. 1999).  
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2.1.1  Faecal consistency and composition 
Faecal consistency 
Faecal consistency is the principal factor influencing dag development as the 
form of faeces affects their ability to accumulate into dags. Faeces in sheep vary 
from free faecal pellets (characteristic of healthy sheep), faeces formed into pellets 
and compressed into stools, faeces formed into stools, semi-fluid faeces (or pasty 
diarrhoea) and liquid diarrhoea (Waghorn et al. 1999). Faeces of varying consistency 
are shown in Figure 2.1a, b and c. 
Waghorn et al (1998) investigated the mechanisms by which faeces adhere to 
wool and found that pelleted faeces do not adhere to wool. The authors concluded 
that dags will only occur when loose faeces that are not in a pelleted form are 
produced. This is supported by a large body of research suggesting that scouring is a 
major risk factor for the development of breech soiling and/or subsequent flystrike 
(Morley et al. 1976; Watts and Marchant 1977; Watts et al. 1978; Watts and Luff 
1978; Pownall et al. 1993; French and Morgan 1996; Leathwick and Atkinson 1998).  
The duration of scouring plays an important role in determining faecal soiling 
in sheep. There is evidence that mulesing and docking at the correct length (see 
Chapter 2.1.2) protects Merino sheep from flystrike resulting from a relatively brief 
period of scouring (Watts and Luff 1978). However, chronic scouring may render 
both mulesed and un-mulesed sheep docked at the recommended length susceptible 
to breech soiling and subsequent flystrike (Watts et al. 1978; Watts and Luff 1978). 
This is supported by a study by Waghorn et al (1998) the demonstrated once some 
faecal matter is adhered to wool, an extensive and very rapid build up of faeces is 
possible. It is also likely that this will be made worse if sheep spend time lying in 
faeces (Waghorn et al. 1999).  Chapter Two: Literature Review  Page 11 
Figure 2.1: Consistency of sheep faeces 
a)  Normal free faecal pellets 
 
b) Faecal pellets compressed into stools 
 
 
c) Watery diarrhoea on ground 
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Faecal composition 
The factors associated with faeces that determine whether dag will 
accumulate are not fully understood. Waghorn et al (1998) investigated the extent to 
which faeces adhere to wool and to faeces and concluded that the different incidence 
of dags in sheep fed various diets is a consequence of faecal consistency rather than 
composition. 
Faeces are composed of water, an undigested dietary fraction largely made up 
of undigested cell walls or structural carbohydrates and a smaller metabolic fraction 
that in turn is made up largely of microbial debris and a smaller endogenous 
component (Van Soest 1994; Waghorn et al. 1999). The proportions of these 
components are determined by feed type and various physiological factors that are 
discussed separately below. 
Whilst dags are only formed when loose faeces are present, the physical form 
and water content of faeces are not the only factors that determine whether dags 
accumulate, as once wool has a coating of faeces then drier faecal material is able to 
accumulate by adhering to existing faecal matter (Waghorn et al. 1998).  
Water content of faeces will affect dag accumulation when faeces are loose 
and not in a pelleted form, but when faeces are formed into pellets, moisture content 
appears to be of little significance (Leathwick and Atkinson 1996; Waghorn et al. 
1999). The water content of faecal pellets is highly variable. Faecal pellets can be 
formed with a faecal dry matter content as low as 23%, whereas the pellets may not 
be formed when faecal dry matter is 32% (Waghorn et al. 1999). 
A study of the factors that affect faecal accumulation to wool found that 
different diets did not affect faecal accumulation to wool if faeces were of a 
relatively loose type. The addition of fibre, minerals (calcium, sulphate, chloride,   Chapter Two: Literature Review  Page 13 
potassium and phosphorus) and guar gum to faeces had minimal effect on adhesion, 
whilst the addition of serum to faeces reduced adhesion and the addition of -glucan 
or detergent increased faecal adhesion to wool (Waghorn et al. 1998). 
A study of the effect of diet on the chemical composition of sheep faeces 
found that dietary content or intake of crude protein, neutral detergent fibre (NDF) 
and ether extract did not account for a high proportion in the variability of organic 
matter and crude protein content of faeces (Afdal et al. 2003). The relationship 
between dietary composition and intake of dietary components on faecal dry matter 
was not reported in this study. 
The composition of faeces is more likely to be influenced by the digestibility 
of the diet that in turn is partly affected by the intake of the animal (Wesselink et al. 
1995). Digestibility generally decreases as intake is increased (National Research 
Council 1985; Fahey and Hussein 1999). Studies in cattle have shown a reduction of 
4% in diet digestibility for each increase in intake equal to maintenance, although the 
extent of depression was less for forage-based diets than grain-based diets and 
cellulose and hemicellulose digestion was depressed to a greater extent than soluble 
carbohydrates (Moe and Tyrrell 1975; Tyrrell and Moe 1975). 
Factors controlling faecal consistency in sheep 
The physical characteristics of faeces are the main factor determining the 
development of dags in sheep with loose faeces necessary for the development of 
dag (Waghorn et al. 1998). Therefore, the physiological means by which sheep form 
faecal pellets play an integral role in the development of dag (Waghorn et al. 1999). 
The relative proportions of undigested feed, bacteria, endogenous secretions 
and water in faeces are determined by a combination of feed type, intake and transit 
time through the gastrointestinal tract, specifically the caecum, centripetal and  
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centrifugal coils of the colon and the rectum (Van Soest 1994; Waghorn et al. 1999). 
Faecal pellets are formed by the segmental contraction of the spiral colon whereby 
tonic contractions cause prolonged circular constrictions that move slowly in an 
aboral direction, thus subdividing digesta into small balls that are pushed slowly 
aborally (Ruckebusch and Fioramonti 1980; Bedrich and Ehrlein 2001).  
In order that faecal pellets may be formed, the water content of the digesta 
must be reduced to 80% or less by the time it reaches the flexure between the 
centripetal and centrifugal coils, otherwise stools or diarrhoea will result (Waghorn 
et al. 1999). It has been suggested that many factors that are associated with dags 
may operate either by increasing the rate of passage through the large intestine or by 
reducing the ability of the large intestine to absorb water. Increased rate of passage 
through the large intestine and reduced resorption of water in the large intestine both 
have potential to result in failure of faecal pellet formation in the spiral colon and 
cause loose faeces capable of forming dag (Waghorn et al. 1999). 
In gastrointestinal disturbances caused by excess grain ingestion, high intake 
of molasses and helminthosis (Trichostrongylus spp.), the activity of the spiral colon 
was decreased and diarrhoea may be observed (Bueno et al. 1980). Opioid drugs 
(such as morphine) may alleviate diarrhoea by increasing the tone and rhythmic 
segmentation of intestinal contractions in the proximal and spiral colon of sheep 
(Bueno et al. 1975; Bueno et al. 1980). More recent studies of the interaction 
between immunological responses to parasitic infections and gut motor function have 
shown that host defence mechanisms, specifically infection-induced T helper type 2 
immune responses, may cause alteration of intestinal muscle function observed as 
hypercontractility in mice (Khan and Collins 2004, 2006).   Chapter Two: Literature Review  Page 15 
Large intestine flow rate 
The regulation of digesta flow through the caecum and large intestine of 
sheep is not well understood and it has been suggested that passage rate and function 
of the large intestine may be the main factor influencing faecal form (Waghorn et al. 
1999). The level of intake is a major factor in determining intestinal flow rate. 
However, the rate of intake of pasture is determined by a complex combination of 
the nutritional requirement of the sheep, pasture quality and quantity and the capacity 
of the gastrointestinal tract to cope with ingestion, digestion and metabolism of the 
herbage (Weston 2002). 
Rapid flow rate through the caecum and proximal large intestine retards 
absorption of water and minerals, contributing to the failure of faecal pellet 
formation in the spiral colon and increased water content of faeces (Reid and Cottle 
1999; Waghorn et al. 1999). Reid and Cottle (1999) showed that increased dag was 
associated with increased faecal potassium and decreased faecal magnesium and 
suggested that changes in mineral absorption due to faster digesta passage or parasite 
challenge may be associated with a tendency to form dags. Another study found that 
during pregnancy, subsequent increases in feed intake and reduced gastrointestinal 
transit time increased the water content of faeces by 72% (Weston 1988). 
Water absorption 
Faecal water is held by the water-holding capacity of the solids and by 
osmotic pressure (Van Soest 1994). The water content of digesta is determined by 
diet, as well as secretion of saliva, electrolytes and other endogenous substances 
(Waghorn et al. 1999).  
All parts of the large intestine are capable of absorbing water and sheep have 
a large absorptive capacity for water. The role of the water content of the diet is 
discussed in more detail in Chapter 2.2.6.  
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Water absorption in the large intestine is dependent on an osmotic gradient. 
Cation absorption, particularly sodium, plays an important role in water absorption 
(Wesselink et al. 1995). Water content of digesta and faeces is increased when this 
osmotic gradient is poorly established due to rapid passage of digesta through the 
large intestine or malabsorption in the small or large intestine. High levels of feed 
intake may result in rapid passage through the rumen and small intestine with 
insufficient time for adequate digestion and absorption of nutrients resulting in large 
intestinal digesta with relatively high osmolarity and the potential for loose faeces 
(Wesselink et al. 1995). 
The production of volatile fatty acids (VFA) in the rumen and hindgut may 
also affect the osmolarity of ingesta. Where production of VFA exceeds absorption, 
this may increase the osmotic load of digesta in the hindgut (Van Soest 1994). Feed 
quality and transit time both affect the extent to which feed is degraded by rumen 
microbes (bacteria, protozoa and fungi). Rapid passage of digesta through the rumen 
limits microbial degradation of feed, especially the carbohydrate components of the 
diet, which may then be subjected to digestion and absorption in the small intestine 
or fermentation to VFA in the large intestine (Waghorn et al. 1999). 
2.1.2  Breech and tail conformation 
Tail length 
The tails of domestic sheep may be fat (e.g. Awassi, Damara), short (e.g. 
Finnish Landrace) or thin (e.g. Merino, Romney). Tail docking is a common practice 
in thin-tailed breeds and several studies have concluded that tail docking reduces the 
incidence severity of faecal soiling and dag in sheep (French et al. 1994; Scobie et 
al. 1999; Webb Ware et al. 2000). The general recommendation is that the docked 
tail should be long enough to cover the tip of the vulva in ewe lambs and at a similar 
length in males, which approximates to the amputation at the fourth coccygeal joint   Chapter Two: Literature Review  Page 17 
(Fisher et al. 2004). Several studies have found that a docking at this level reduces 
the risk of flystrike involving the breech and/or tail (Gill and Graham 1939; Riches 
1941, 1942; Watts and Marchant 1977; Watts and Luff 1978), neoplasia of the tail 
and vulva (Vandengraff 1976; Hawkins et al. 1981; Swan et al. 1984) and rectal 
prolapse (Thomas et al. 2003) compared with sheep docked with shorter tails. 
The length at which the tail is docked may also determine susceptibility to 
dag. Studies by Graham et al (1947) and Watts and Marchant (1977) found a marked 
increase in dag formation with increasing tail length, although several studies have 
found that sheep docked very short (with no tail) were more predisposed to faecal 
soiling that wet wool down to the skin of the tail and crutch area than sheep docked 
to the level of the vulva in ewes (Watts and Marchant 1977; Watts and Luff 1978). 
Other studies have found that there is little effect of tail length on dag formation 
(Pomroy et al. 1997; Scobie et al. 1997), although in both these studies, most lambs 
had very few dags (mean dag score less than 1.5 on a scale of 0-5). 
Perineal conformation 
The main factors associated with perineal (breech) conformation predisposing 
sheep to dag and breech blowfly strike include excessive wool and wrinkles in the 
breech area (Karlsson et al. 2003). 
Breed effect 
There are differences in breech conformation, both between breeds and 
within breeds of sheep, most notably the size of the bare area around the anus and the 
amount of wrinkle in the skin. The size of the bare area around the breech plays a 
role in determining susceptibility to dag and flystrike (Scobie et al. 2002) and 
mulesing and crutching reduce the incidence of flystrike by the same mechanism. 
Some breeds of sheep are more susceptible to dag accumulation with Merino and 
Romney sheep being more predisposed to severe dag compared with feral sheep and  
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shedding breeds such as Wiltshire Horns that tend to have a larger bare area 
(Litherland et al. 1992). Border Leicester x Romney sheep are more susceptible to 
dag than East Freisian x Romney sheep (Allison 1995) and pure Coopworth sheep 
are more susceptible to dag than Coopworth x East Friesian (Jopson et al. 2000).  
There are also distinct differences within breeds, such as the Merino whereby 
individual sheep with less skin wrinkle (“plain-bodied sheep”) and a larger size of 
the naturally bare skin area of the breech are less susceptible to accumulation of dag 
(Karlsson et al. 2003). 
Mulesing 
The Mules operation is the surgical removal of strips of wool-bearing skin 
from the perineal area of lambs to increase the bare area around the anus and vulva. 
The skin contraction in wound healing also causes the skin over the perineal area to 
have fewer skin folds. 
There have been several variations of the procedure since it was first 
developed in the 1930’s and these have been reviewed by several authors (Morley 
and Johnstone 1983; Beveridge 1984; Morley and Johnstone 1984; Karlsson et al. 
2003; James 2006). The original Mules operation initially involved clamping 
Burdizzo
® pincers over the breech wrinkles and cutting off the clamped wrinkles 
with a knife and later Rolcut
® secateurs were used to speed up the procedure. The 
modified Mules operation was developed soon after and involved removing all of the 
breech folds that could become stained by urine. This eventually gave way to the 
radical Mules operation that removed more skin over the tail and also the skin 
between the tail and the crutch. However this method was a fairly severe procedure 
and resulted in slower healing, increased rates of infection and increased prevalence 
of vulval cancer (also discussed above under heading of “Tail length”).   Chapter Two: Literature Review  Page 19 
The “V” Mules is the method currently recommended, including by the 
Department of Agriculture in Western Australia and involves leaving a V-shaped 
piece of wool-bearing skin that extends from the base of the tail (Gherardi and 
Seymour 1996).  
There is evidence that a combination of mulesing and docking tails at the 
correct length protects Merino sheep from flystrike due to urine soiling and faecal 
soiling resulting from a relatively brief period of scouring (Watts and Marchant 
1977; Watts and Luff 1978; Watts et al. 1979), but only limited protection is 
provided when scouring is prolonged (Morley et al. 1976; Watts and Marchant 1977; 
Watts et al. 1978). 
Morley and Johnstone (1983) suggested that Merino sheep destined for 
retention as breeding stock or for wool production should be mulesed, whereas other 
sheep not likely to benefit from the procedure (including prime lambs bred 
specifically for slaughter as lambs and British breeds) should not be mulesed. 
However, studies have reported that the Mules operation is routinely applied to many 
non-Merino sheep, in particular first cross ewes used in the production of prime 
lambs (Morley and Johnstone 1984; James 2006) 
Sex 
Several studies have found that mulesed wethers have an increased risk of 
faecal soiling and subsequent flystrike compared with ewes and this has been 
attributed to the smaller size of the bare area in the perineal region of wethers 
(Morley et al. 1976; Watts and Marchant 1977; Watts et al. 1978; Watts and Luff 
1978; Scobie et al. 1999).  
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2.1.3  Wool factors 
Most authors suggest that time of shearing and crutching is a useful tool in 
preventing flystrike (Cole and Heath 1999; Counsell 2001). However, there is 
surprisingly little information available on the importance of wool length, 
distribution of wool in the breech area and type of wool on the incidence and severity 
of dags. It has been suggested that longer fleeces with lower crimp frequency are 
more likely to be faecally soiled, but the authors presented no data to support this 
(French and Morgan 1996; Scobie et al. 2002). 
Reid and Cottle (1999) found no differences in wool grease, suint content or 
yield associated with dag of differing severity. Waghorn et al (1998) found that 
adhesion of faeces to wool was not affected by the addition of lanolin or urine to 
wool and found no difference between crossbred or Merino wools in their ability to 
accumulate faeces. 
2.1.4  Other factors affecting dag accumulation 
The rate at which faecal soiling develops in lambs has been found to be 
negatively correlated with the lamb’s birth weight and positively correlated with the 
lamb’s age (French and Morgan 1996). In the same study, the relationship with birth 
weight was independent of litter size and immunoglobulin status. Similar negative 
correlations between birthweight and disease susceptibility has been found in other 
studies in lambs (Yapi et al. 1990; Green and Morgan 1994) and calves (Pare et al. 
1993). It was suggested that the relationship between age and rate of faecal soiling 
may have been because older lambs had been exposed to risk factors for diarrhoea 
(such as helminths and protozoa on pasture) for a greater amount of time, waning of 
maternal antibodies increasing susceptibility to infections or due to increased wool   Chapter Two: Literature Review  Page 21 
length on older animals trapping faecal material in longer fibres (French and Morgan 
1996). 
 A study of dag in Merino ewes on two farms in western Victoria found the 
prevalence of severe dag and the extent of dag observed (measured by dag score) 
was higher in two-year-old ewes, after which there was a tendency for prevalence of 
severe dag and mean dag score to decrease with each successive age group until the 
oldest age group (five- or six-years-old), where severe dag prevalence significantly 
increased (Larsen 1997; Larsen et al. 1999). The same study found that pregnancy 
and lactation had little influence on the prevalence of severe dag. 
Waghorn  et al (1999) suggested that other aspects of breech anatomy or 
actions of defecation may influence the development of dag, including standing or 
squatting during defecation (as opposed to defecating whilst lying down) and 
wriggling of the tail during defecation (which may either disperse faecal pellets or 
smear loose faecal material over a wider area).  However, there appears to be no 
documented studies on these factors. 
2.1.5  Genetics 
In a study of maternal and neonatal risk factors in the faecal soiling of lambs, 
lambs born to daggy ewes had a significantly greater risk of developing faecal 
soiling than lambs born to clean ewes (French and Morgan 1996). This may be 
related to an inherited predisposition to infectious causes of diarrhoea or inherited 
characteristics of the breech area that increase the risk of faecal soiling. 
Larsen et al (1995b) found significant differences in dag score of different 
Merino strains and these dag scores were repeatable and independent of faecal worm 
egg count. The authors concluded that host factors were critically important in 
determining susceptibility to severe dag and these had a strong genetic component,  
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thus selection against severe dag should be considered as a breeding objective in 
Merinos. The findings were consistent with several other studies that found dag score 
(Morris et al. 1983; Bissett et al. 1992; Bisset et al. 1994; Shaw et al. 1999; Pollott et 
al. 2004) and faecal consistency (Greeff and Karlsson 1998a; Greeff and Karlsson 
1998b; Shaw et al. 1999; Pollott et al. 2004) are moderately heritable and 
independent of faecal worm egg count (WEC).  
Several studies have found that Merino and Romney sheep that have been 
selected for low faecal worm egg count have more dags than unselected sheep 
(Douch et al. 1995; Bisset et al. 1996a; Bisset et al. 1996b; Karlsson and Greeff 
1996; Bisset et al. 1997; Greeff and Karlsson 1998a; Karlsson et al. 2004; Pollott et 
al. 2004). A review of genetic alternatives to mulesing and tail docking concluded 
that selection against diarrhoea and dag could be considered as part of a genetic 
approach to reducing susceptibility to breech strike and may be especially important 
where selection for reduced WEC is practiced to prevent any associated increase in 
dag (James 2006). 
There are also distinct breed effects on propensity to accumulate dag, 
although these are most likely related to conformation of the breech area and have 
been discussed separately (Chapter 2.1.2). 
2.2  CAUSES OF DIARRHOEA IN SHEEP OF POST-WEANING AGE IN 
WESTERN AUSTRALIA 
2.2.1  Trichostrongylid infections 
Nematode infections (helminthosis) are the most commonly implicated 
infectious cause of scouring and ill thrift in the winter rainfall areas of Australia 
(Besier 2004). The trichostrongylid (“strongyle”) species most commonly implicated 
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Teladorsagia (Ostertagia) circumcincta and Trichostrongylus  spp (particularly T. 
colubriformis and T. vitrinus, but also, T. rugatus and  T. axei),  although mixed 
infections of strongyle worms are most common. Nematodirus spp. have been 
occasionally associated with scouring in young lambs with very large burdens, but 
are usually more significant as part of a mixed burden. Oesophagostomum 
venulosum, Trichuris ovis and Chabertia ovina are also commonly part of mixed 
infections, although are rarely present in sufficient numbers to cause scouring in their 
own right (Besier 2004). 
The scouring syndrome associated with helminthosis typically involves 
ingestion of infective third stage larvae (L3) that develop through to fourth stage 
larvae (L4), fifth stage larvae (L5), immature adult and then mature adult stage in the 
gut. If the immunological resistance of the host does not limit this development of 
larvae, a large gastrointestinal nematode burden will result that is generally 
associated with high faecal worm egg count (WEC). 
In the case of a sudden onset of larval challenge (as often occurs after the 
break of the season in Mediterranean environments) there may be a delay of two to 
three weeks between the onset of scouring and elevation of WEC as larvae mature 
into egg-producing adults. Large gastrointestinal worm burdens due to an 
“inadequate” immune response are most commonly observed in immunologically 
incompetent or naïve sheep (young sheep, genetically susceptible adults, “stressed” 
sheep or sheep that have not received sufficient prior exposure) and flocks exposed 
to an overwhelming challenge exceeding the normal host immune response capacity 
(Radostits et al. 1994; Vlassoff et al. 2001; Besier 2004). 
The ability of ewes to maintain a solid immunity to gastrointestinal parasites 
may be compromised during the peri-parturient period (O'Sullivan and Donald  
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1973). The timing of this relaxation of resistance is variable, but generally the 
immune status of the ewe is lowered from about two to three weeks pre-partum and 
up to six to eight weeks after lambing (McAnulty et al. 2001). This may result in a 
rise in WEC and is referred to as the “peri-parturient relaxation of resistance” 
(PPRR). The rise in WEC is thought to be due to a relaxation on the constraints on 
egg production in existing female worms and establishment of new infective larvae 
as adults (Barger 1993). From about four weeks post-lambing, ewes are generally 
refractory to the establishment of incoming larvae (Leathwick et al. 1999). However, 
established worms may remain in the ewe for several weeks longer resulting in a 
peak in WEC approximately six to eight weeks after lambing before the adult worms 
are finally rejected and WEC return to low levels (Brunsdon 1971). Outside of the 
PPRR period, mature ewes are generally able to maintain resistance to 
gastrointestinal nematode infection. 
Pathogenesis of scouring 
The mechanisms associated with helminthosis that result in scouring in sheep 
are less well described compared to the pathogenesis of ill thrift and impaired 
metabolism. Diarrhoea is a variable sign even with heavy nematode burdens. 
Abomasitis and enteritis attributable to mucosal damage, loss of villi and 
inflammation are most commonly implicated in the pathogenesis of diarrhoea (Coop 
and Angus 1981; Radostits et al. 1994; Uhlinger 1996). Diarrhoea is usually more 
severe in mixed infections affecting more than one part of the gastrointestinal tract 
(Radostits et al. 1994; Uhlinger 1996).  
The development of Teladorsagia (Ostertagia) spp. larvae and subsequent 
emergence from the abomasal glands results in stretching of the gastric glands and 
destruction of the functional acid-secreting cells that are replaced by undifferentiated 
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retards the efficiency of pepsin protein degradation (Coop and Angus 1981; Fox 
1997). Heavy or prolonged infections may result in destruction of the junctions 
between epithelial cells resulting in epithelial hyperplasia, increased mucus 
production and increased abomasal pH (Fox 1997; Stear et al. 2003). 
Intestinal trichostrongylosis causes extensive villous atrophy, elongation of 
duodenal crypts, goblet cell hyperplasia and plasma loss into the small intestine 
resulting from increased vascular permeability and discontinuity of the epithelium 
(Coop and Angus 1981; Beveridge et al. 1989). Mature villous cells are responsible 
for absorption and crypt cells are responsible for water and electrolyte secretion 
therefore crypt hyperplasia and villous atrophy will result in reduction of absorptive 
capacity and increased secretions. 
Generally the most severe pathology is observed in association with the 
parasites in the mucosa and is attributable to direct physical damage by the 
nematodes. However, partial villous atrophy may be observed in light infections or at 
sites away from infection and it has been suggested that host-mediated pathology 
may play a role in mucosal damage associated with strongyle infections (Coop et al. 
1979). This “indirect pathology” may be induced via gut immune responses that 
cause sloughing of the gut epithelium and loosening of the epithelial cell junctions 
resulting in a loss of plasma (fluid, cells and protein) into the intestinal lumen during 
the intestinal inflammatory response mounted by the sheep (Steel et al. 1990; 
McClure et al. 1992; Miller 1996). 
Other possible mechanisms contributing to diarrhoea observed in parasitised 
sheep include alterations in gastrointestinal motility, secretion of biogenic amines 
and malabsorption arising from the loss of enzymes normally found in microvilli as a 
result of villus atrophy (Jones 1982; Coop et al. 1984).   
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Gastrointestinal helminthosis can result in changes in gut motility attributable 
to changes in feed intake as well as due to the pathology caused directly or indirectly 
by parasites. Parasitism with T. colubriformis appears to temporarily disrupt normal 
patterns of gastrointestinal motility by reducing the frequency and intensity of 
electrical spikes associated with peristaltic activity that results in slower transit time 
in parasitised sheep compared with uninfected controls. This effect appears to wane 
with time and returns to normal after treatment with an anthelmintic (Bueno et al. 
1975; Bueno et al. 1980; Gregory et al. 1985; Fox 1997). As it is likely that faster 
gastrointestinal transit times play a role in the development of diarrhoea as a result of 
reduced absorption of water and nutrients from digesta, it seems unlikely that slower 
transit times associated with parasitism would play a role in the pathogenesis of 
diarrhoea. 
More recent studies using mouse models of parasite infections with 
Trichinella spiralis have shown that infection-induced T helper type 2 immune 
responses are critical in determining alterations in gut muscle function and that host 
defence mechanism may cause hypercontractility of the gut muscle (Khan and 
Collins 2004, 2006). This suggests that parasite infection may have longer term 
consequences for gut muscle function that are mediated by the immune system and 
differences in host defence mechanisms may explain the variability of expression of 
diarrhoea observed in both parasitised sheep and humans with gut motility disorders. 
Several reviews of the effect of nematode infections on the nutrition and 
metabolism of the host have concluded that the direct effect of endoparasites on 
protein and energy digestion is transient and small, if indeed it occurs at all, due to 
the compensatory capacity of the distal gastrointestinal tract. It appears likely that 
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nutrients and increased demand for nutrients by the host immune system use rather 
than reduced efficiency of digestion (Sykes 1994; Coop and Holmes 1996; Coop and 
Kyriazakis 1999, 2001; Sykes and Coop 2001; Coop and Sykes 2002; Sykes and 
Greer 2003). In light of this, “malabsorption” seems an unlikely explanation of the 
mechanism causing diarrhoea in parasitised sheep. However, reduced digestion and 
absorption of nutrients in the abomasum and small intestine would be expected to 
result in an increased fermentation in the hindgut and this may contribute to an 
osmotic diarrhoea. 
2.2.2  Larval hypersensitivity scouring syndrome 
It has been suggested that the commonly observed scouring in flocks of adult 
sheep accompanied by low worm burdens in the winter and spring months in 
Western Australia may be due to “larval hypersensitivity scouring syndrome” (Besier 
1998b). Larval hypersensitivity scouring describes the syndrome whereby 
immunocompetent Merino sheep may develop diarrhoea and dag as a result of 
ingestion of trichostrongylid larvae and subsequent gastrointestinal inflammation. 
Affected sheep have low WEC, low total worm counts and a hypersensitive 
inflammatory reaction characterised by the infiltration of significantly more 
eosinophils and a changed lymphocyte population in the pylorus and upper jejunum 
(Larsen et al. 1994; Larsen 1997; Larsen et al. 1999). 
The role of trichostrongylid larvae in the syndrome is supported by a study 
that found untreated control ewes were 12 to 16 times more likely to be affected by 
severe dag than ewes treated with a controlled-release albendazole capsule (Larsen et 
al. 1994; Larsen 1997; Larsen et al. 1999). The authors of this study concluded that 
ingestion of trichostrongylid larvae is a causal factor of the low worm egg count 
syndrome (Larsen et al. 1994) and “a necessary cause of winter scours in adult  
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Merino sheep” (Larsen et al. 1999). This is consistent with findings in other studies 
that controlled-release anthelmintic capsules reduced development of dag in adult 
sheep (Gogolewski et al. 1997b). 
Larsen et al (1994; 1997; 1999) found no relationship between faecal worm 
egg count or total worm count and severe dag. The authors suggested that there was 
no evidence to suggest that there were any differences in the protective immune 
response between sheep that were susceptible and those not susceptible to larval 
hypersensitivity scouring syndrome, with no differences observed in mucosal mast 
cell or globule leukocyte counts, antibody level in serum, gut and mesenteric lymph 
nodes, circulating eosinophils, dermal eosinophil response to intradermal larval 
antigen or phytohaemagglutinin. 
In a study of the pathogenesis of larval hypersensitivity scouring syndrome, 
sheep selected as not susceptible to severe dag did not scour when given high doses 
of infective larvae (20 000 Tel. circumcincta and T. vitrinus L3 per week) whereas 
low doses (2000 L3 per week) initiated scouring in sheep susceptible to severe dag 
(Larsen 1997; Larsen et al. 1999; Larsen 2000). This finding has implications for 
control of this syndrome because the relatively low numbers of larvae required to 
induce scouring in susceptible sheep would be difficult to prevent under normal 
farming conditions (Besier 1998b). 
Interestingly sheep selected as susceptible to severe dag had higher faecal 
moisture levels than non-susceptible sheep throughout the months when sheep were 
grazing green pasture, even when breech soiling was not occurring (Larsen 1997; 
Larsen et al. 1999). The authors suggested that this might indicate an underlying 
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Pathology 
The expulsion of gastrointestinal nematodes from the intestine of immune 
sheep is instigated by an immediate hypersensitivity response mediated by IgE-
sensitised mast cells binding to nematode antigen and releasing chemical mediators 
that adversely affect nematode establishment (Rothwell 1989; Harrison et al. 1999). 
In studies of the larval hypersensitivity scouring syndrome, the main 
pathological feature associated with sheep susceptible to severe dag was a significant 
increase in the number of eosinophils in the lamina propria of the pylorus and upper 
small intestine in response to trichostrongylid larvae. A significant correlation 
between eosinophil numbers and reduced villous:crypt ratio (an index of mucosal 
damage) was present in sheep affected by severe dag but not in unaffected sheep 
(Larsen et al. 1994; Larsen 1997; Larsen et al. 1999). Affected sheep also had a 
positive correlation of mucosal eosinophil counts between adjacent gut segments 
suggestive of a “generalised eosinophilia” whereas there were fewer and weaker 
correlations in the unaffected sheep. Alterations in the gastrointestinal mucosal 
lymphocyte populations were observed in sheep affected by severe dag,  including 
increased CD4
+:CD8
+ cell ratio, decreased number of CD8
+ cells and decreased 
number of interferon- staining cells (Larsen 1997; Larsen et al. 1999). All of these 
changes were quantitative rather than qualitative. 
Diagnosis of larval hypersensitivity scouring 
There are no diagnostic tests or clinical findings currently available that allow 
a definitive diagnosis of larval hypersensitivity scouring syndrome. A presumptive 
diagnosis is typically made when other causes of scouring have been ruled out, 
affected sheep have low WEC and “increased eosinophils” are observed in the 
mucosal cellular infiltrate on gut histopathology at post mortem. However, there 
appears to be no published descriptions or grading systems for the histological  
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evaluation of “eosinophilic enteritis” in sheep. This makes it difficult for a 
pathologist to define whether eosinophilic infiltration in any given case is “normal” 
or indicative of “disease”, or the relative severity of any such changes. 
Pasture larval counts can be used to demonstrate exposure to strongyle larvae. 
However, pasture larval counts are time consuming and expensive with the methods 
currently available. In addition, interpretation is difficult given the small numbers of 
larvae required to induce scouring in susceptible sheep (Larsen 2000) and so pasture 
larval counts are of limited value in the diagnosis of larval hypersensitivity scouring. 
As discussed earlier, Larsen et al (1994; 1997) found that sheep treated with 
anthelmintic controlled-release capsules were less likely to develop dag. The use of 
“response to treatment” with controlled-release anthelmintic capsules as an aid to 
diagnosis in sheep with suspected larval hypersensitivity scouring that are actively 
scouring has not been described. 
Larval hypersensitivity scouring in Western Australia 
Whilst it has been suggested that larval hypersensitivity scouring syndrome is 
probably the main cause of low WEC scouring observed in the winter and spring 
months (Napthine 1988; Larsen et al. 1994; Besier 1998b; Larsen et al. 1999; 
Trengove 1999; Larsen 2000), there are no published studies on the prevalence of 
larval hypersensitivity scouring syndrome in Western Australia (or indeed 
anywhere). It has been suggested that more detailed field investigations are required 
to define the prevalence and epidemiology of larval hypersensitivity scouring 
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2.2.3  Protozoal infections in sheep 
Of the protozoal parasites known to parasitise the gastrointestinal tract of 
sheep in Western Australia, only Eimeria infections are well described in the 
literature as a cause of scouring in sheep of post-weaning age. Giardia and 
Cryptosporidium have been generally linked with diarrhoea in neonatal ruminants. 
However, there has been a rapid development of more sophisticated techniques for 
the detection of these organisms and a better understanding of their genetic diversity. 
Recently Giardia and Cryptosporidium have emerged as an economically important 
disease causing diarrhoea and impaired growth rates in ruminants post-weaning 
(Anderson 1987; Olson et al. 1995; Lindsay et al. 2000; Olson et al. 2004), but the 
role of Giardia spp. and Cryptosporidium spp. in sheep remains controversial. It 
appears likely that these organisms will be an emerging issue for the Australian 
sheep industry. 
Coccidia 
Coccidiosis in sheep is caused by Eimeria spp. protozoal parasites. The 
presence of Eimeria spp. in sheep is common, particularly in young sheep. However, 
the disease coccidiosis is much less common and mostly occurs in sheep aged 
between one and three months of age and less commonly two to three weeks post-
weaning under certain conditions (Foreyt 1990; Glastonbury 1990; Radostits et al. 
1994; Taylor 1995; Coop and Wright 2000).  
Several species of Eimeria have been isolated in healthy sheep in Australia, 
including E. crandallis, E. ovina (syn. E. bakuensis, E. arloingi A), E. ovinoidalis, E. 
granulosa, E. parva, E. pallida, E. intricata, E. ahsata, E. faurei and E. punctata 
(Glastonbury 1990). Infection with multiple species is common (Radostits et al. 
1994). The species vary in their preferential location in the intestinal tract and in  
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their pathogenicity, with E. ovinoidalis causing the most severe disease. In general, 
species that parasitise the large intestine cause more severe clinical disease by 
rendering the large intestine unable to compensate for damage to more proximal 
regions of the gut by absorbing water and electrolytes from the digesta (Glastonbury 
1990; Taylor 1995). 
Clinical signs associated with coccidiosis include diarrhoea that may contain 
blood or intestinal casts, fever, inappetence, ill thrift, weight loss, abdominal pain, 
anaemia, fleece derangement and deaths (Napthine 1988; Foreyt 1990; Glastonbury 
1990; Radostits et al. 1994; Taylor 1995; Uhlinger 1996; Coop and Wright 2000; 
Navarre and Pugh 2002; West et al. 2002). Blood in the diarrhoea is less commonly 
observed in lambs compared with calves.  
Diarrhoea in acute coccidiosis associated with necrotic changes in the 
intestinal tract is the result of severe exudation of water, electrolytes, protein and 
blood. In contrast, diarrhoea in chronic coccidiosis or associated with proliferative 
lesions (including “polyps”) is a consequence of malabsorption caused by villous 
atrophy resulting from coccidial invasion or immune mechanisms, defects in the 
absorptive cells of the gut epithelium or impaired transport of nutrients from the gut 
epithelial lining to the blood and lymph (Foreyt 1990; Glastonbury 1990; Taylor 
1995). The degree of pathology varies greatly between species and some species are 
not associated with severe pathology in sheep. 
Several factors affect the occurrence of clinical coccidiosis, including the 
level of challenge, the species of Eimeria present, the level of passive and acquired 
immunity of sheep, the presence of concurrent enteric infections, poor hygiene and 
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and nutritional changes (Napthine 1988; Foreyt 1990; Glastonbury 1990; Radostits et 
al. 1994; Taylor 1995; Navarre and Pugh 2002; West et al. 2002). 
Following infection, immunity to the parasite develops. Older sheep are 
generally resistant to pathogenic effects although they may continue to carry and 
shed oocysts (Foreyt 1990; Radostits et al. 1994; Taylor 1995). However, outbreaks 
of clinical coccidiosis do occur in older animals with impaired cellular immunity or 
that are debilitated by dietary changes, prolonged transport, extreme weather or 
management practices (Foreyt 1990; Taylor 1995). 
Diagnosis of coccidiosis is complex and is based on history of predisposing 
factors, presence of clinical signs, gross and histopathological changes observed 
post-mortem, oocyst count and determination of the species of coccidia present 
(Napthine 1988; Foreyt 1990; Glastonbury 1990; Radostits et al. 1994; Taylor 1995; 
West et al. 2002). 
Cryptosporidium 
The importance of Cryptosporidium infections have been studied far more 
widely in cattle than in sheep. Using morphological criteria, host specificity and 
DNA-based studies, 13 species have been recognised in the genus Cryptosporidium 
(Xiao et al. 2004). Cryptosporidium parvum is generally thought to be the most 
common species infecting livestock, including sheep. This notion (along with the 
assumption that livestock represent an important zoonotic reservoir for human 
cryptosporidiosis) was based on the assumption that the majority of Cryptosporidium 
infections in livestock with oocysts ranging from 4-6 µm were due to C. parvum 
(cattle genotype) (Fayer et al. 2000). More recently developed molecular techniques 
for the detection and identification of Cryptosporidium isolates in combination with 
improvements in conventional diagnostic methods (such as concentration and  
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staining of faecal smears) have given rise to significant developments in the 
understanding of the distribution and epidemiology of Cryptosporidium (Chalmers et 
al. 2002). It is now clear that there is considerable amount of diversity within the 
Cryptosporidium genus (Chalmers et al. 2002) and the identification of increasing 
numbers of genetically distinct genotypes of C. parvum, many of which are host-
specific, may represent distinct host-adapted species (Thompson 2003; Olson et al. 
2004). In light of this, it has been suggested that reports of C. parvum based solely 
on oocyst morphology should be reassessed using molecular methods to validate the 
species and genotypes present (Santin et al. 2004).  
C. parvum is considered an important agent in the aetiology of neonatal 
diarrhoea in lambs less than three weeks of age and sheep have been assumed to be a 
source of zoonotic infection of humans (Tzipori et al. 1981a; de Graaf et al. 1999). 
Most reported C. parvum infections in adult sheep are subclinical and there is no 
reported link between diarrhoea and shedding of Cryptosporidium oocysts in older 
sheep, although the rate of shedding does increase in the peripartum period (Foreyt 
1990; Xiao et al. 1994; Olson et al. 1997; Ortega-Mora et al. 1999; Causape et al. 
2002; Chalmers et al. 2002; Sturdee et al. 2003). However, recent work in cattle 
suggests that it is possible that previous reports of C. parvum in ruminants post-
weaning based on morphology or immunofluorescence microscopy and not 
supported by molecular data should be reassessed (Santin et al. 2004). 
Cryptosporidium andersoni is a parasite of the abomasum of cattle and 
usually infects post-weaned and mature cattle older than five months of age. Chronic 
infections are common and there is evidence that C. andersoni infections persist for 
years, if not for life (Anderson 1987; Olson et al. 1997; Enemark et al. 2002; Ralston 
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glands, hypertophy of the gastric mucosa and thinning of epithelial lining of the 
abomasum. This results in impaired protein digestion by increasing abomasal pH and 
inhibiting proteolytic function (Anderson 1987; Olson et al. 2004). C. andersoni 
infection can negatively affect milk production and rate of weight gain in older cattle 
(Anderson 1998; Lindsay et al. 2000). Diarrhoea is not a commonly reported clinical 
sign associated with C. andersoni infection in cattle. 
The novel Bovine B genotype and the genetically similar Cervid genotype 
has also been recently described in cattle post-weaning (Xiao et al. 2002; Santin et 
al. 2004), but previous to this PhD study, there have been no published reports of the 
Bovine B genotype, Cervid genotype or C. andersoni in sheep. 
The pathogenesis of C. parvum diarrhoea in neonates is thought to result 
from epithelial destruction resulting in mild to moderate villus atrophy, shortening 
and destruction of the microvillus and subsequent impairment of nutrient digestion 
and absorption (Tzipori et al. 1981a; Tzipori et al. 1981b; de Graaf et al. 1999; 
Laurent et al. 1999).  
 
Giardia 
As with Cryptosporidium, Giardia has been more extensively studied in 
cattle than sheep. There are six species of Giardia recognised on the basis of 
morphological characteristics and host occurrence patterns. Of these, G. duodenalis 
(synonyms: G. lamblia, G. intestinalis) is known to infect mammals. The taxonomy 
of Giardia is complex and has been described as “unsatisfactory” with numerous 
genetic variants lacking morphological differences currently in the one species, G. 
duodenalis (Thompson et al. 2000; Thompson 2003; Olson et al. 2004). The 
genotypes of G. duodenalis are outlined in Table 2.1: 
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Table 2.1: Genetic genotyping of G duodenalis
a  
Assemblage (genetic grouping)  Host range 
Assemblage A (Group I)  Humans and other mammals (zoonotic) 
Assemblage A (Group II)  Mainly humans (zoonotic) 
Assemblage B (Group III)  Humans and other mammals (zoonotic) 
Assemblage B (Group IV)  Humans 
Assemblage C/D  Dogs 
Assemblage E  Livestock 
Assemblage F  Cats 
 
aData obtained from Thompson (2003) and Olson (2004)  
 
Giardia infections have been widely reported in sheep worldwide and sheep 
have been implicated as a reservoir for zoonotic infection of humans (Buret et al. 
1990a; Zajac 1992; Taylor et al. 1993; Xiao 1994; Xiao et al. 1994; Olson et al. 
1995; Olson et al. 1997; van Keulen et al. 2002).  
G. duodenalis has been more commonly implicated as a cause of diarrhoea in 
lambs than adult sheep, but the link between infection and diarrhoea is controversial 
as diarrhoea is not consistently associated with infection (Taylor et al. 1993; 
Radostits et al. 1994; Olson et al. 1997). Differences in the clinical severity have 
been attributed to differences in the pathogenicity of Giardia strains, parasite load, 
gastrointestinal microflora and variations in host physiology and immune function 
(Buret et al. 1992; Olson et al. 1995). 
Giardia infection can be acute (lasting several days) or chronic (lasting 
several months or longer) and there has been a reported high incidence of lambs and 
ewes that cannot eliminate naturally acquired or experimentally induced infections 
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In addition to diarrhoea, Giardia infection has been shown to adversely affect 
production performance in several livestock species, including sheep. G. duodenalis 
infection has been associated with economic and production losses in lambs, 
specifically reduced feed efficiency and reduced carcase weight at slaughter (Olson 
et al. 1995). 
G. duodenalis multiplies by asexual binary fission on the surface of the small 
intestinal mucosa (trophozoite stage) and as the trophozoite passes through the small 
intestine, it encysts and is excreted with the faeces (Olson et al. 2004). Colonisation 
of the mucosal surface of the small intestine with G. duodenalis does not consistently 
result in villus alterations but causes a diffuse microvillus shortening and loss of the 
absorptive surface area throughout the small intestine. Enzyme activity is also 
reduced, resulting in impaired digestion and reduced absorption of glucose, water 
and sodium from the small intestine (Buret et al. 1990b; Buret et al. 1992; Radostits 
et al. 1994; O'Handley et al. 2001). Experimentally induced infection of lambs 
resulted in diarrhoea, reduced rate of weight gain, impaired feed efficiency and 
decreased carcass weight without a concurrent reduction of feed intake in lambs 
suggesting malabsorption, maldigestion or both (Olson et al. 1995). 
2.2.4  Viral causes of scouring 
There are no viruses found in Western Australia known to causes scouring in 
sheep post-weaning. Pestivirus (“border disease”) and rotavirus may cause diarrhoea, 
ill thrift and deaths in lambs up to 10 weeks of age but do not cause scouring in older 
sheep. Scouring may also be seen with Nairobi sheep disease, Rift Valley fever, 
Rinderpest and Peste des petitis ruminants, all of which are exotic to Australia 
(Napthine 1988; Farquarson 1992; Radostits et al. 1994).  
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2.2.5  Bacterial causes of scouring 
There are several bacterial causes of gastroenteritis and scouring in sheep in 
Western Australia, the most important of which are reviewed here. There are several 
important points to note with bacterial causes of scouring. First, with each of the 
bacterial causes of scouring reviewed, the organisms are commonly present in sheep 
but for clinical disease to occur animals are usually debilitated or stressed from other 
causes (such as nutritional stress, inclement weather, overcrowding or management 
practices). Ovine Johne’s disease is the one exception to this rule. Second, as with 
other infectious causes of scouring (internal parasites and viruses), young sheep are 
more susceptible and clinical disease in “adult” sheep (older than two years of age) is 
uncommon. Once again, Ovine Johne’s disease is an exception whereby clinical 
disease is most commonly observed in older animals because of the very long 
incubation period. Finally, with bacterial gastroenteritis sheep are generally “sick” 
with other concurrent clinical signs, typically depression, fever, ill thrift and in some 
cases mortalities. 
Salmonellosis 
Salmonellosis is a sporadic disease in Western Australia, although very high 
mortalities can be seen in some outbreaks. Salmonella serotypes associated with 
scouring in sheep are Salmonella typhimurium, S. bovis-morbificans, S. arizonae, S. 
dublin, S. havana and S. enteritidis (Glastonbury 1990).  
Salmonellosis is more common in young (weaner) sheep, although sheep of 
all ages, sexes and breeds are susceptible. Stress factors (including transport, fatigue, 
concurrent infections, overcrowding, inclement weather, deprivation of feed and 
water, feed changes, weaning and other management factors) are important in the 
initiation of the disease. The major source of infection is “carrier” animals that 
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maintain infections. The organism can survive in moist soil, feed or water for several 
weeks (Napthine 1988; Glastonbury 1990; Farquarson 1992; Radostits et al. 1994; 
Smith 1996; West et al. 2002). 
Salmonella-induced diarrhoea is associated with enteric necrosis and 
inflammation causing the release of prostaglandins and elevation of adenyl cyclase 
that in turn results in exudation of water, electrolytes and protein. Hypersecretion 
may also play role in the pathogenesis of diarrhoea (Glastonbury 1990; Radostits et 
al. 1994). 
Salmonellosis generally occurs in outbreaks with high morbidity and case 
fatality rates. Acute severe diarrhoea is the predominant sign with fluid, putrid faeces 
that often contains blood, mucus and fibrinous casts. Other clinical signs include 
fever, depression, anorexia, dyspnoea, weight loss, progressive weakness, endotoxic 
shock and deaths (Glastonbury 1990; Farquarson 1992; Radostits et al. 1994; Smith 
1996; West et al. 2002). 
Diagnosis of salmonellosis is based on the acute nature of the outbreak, 
clinical signs, typical post-mortem findings, isolation of the organism and a history 
of predisposing factors (Glastonbury 1990; Radostits et al. 1994; Smith 1996; West 
et al. 2002). 
Campylobacteriosis 
Campylobacteriosis due to infection with Campylobacter jejuni and a 
Campylobacter-like organism has been identified as a cause of enterocolitis in sheep 
in Australia. 
Campylobacteriosis is sometimes referred to “weaner colitis” and is most 
commonly seen in weaner sheep. C. jejuni and C. coli are commonly isolated from 
healthy sheep. However stress due to inclement (cold, wet and windy) weather, poor  
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nutrition, overcrowding, management factors (weaning, mulesing, shearing or 
dipping), poor hygiene, poor host immunity, concurrent infections and introduction 
of pathogenic strains have been associated with outbreaks of disease. Other clinical 
signs include illthrift, depression, weakness and deaths (Napthine 1988; Glastonbury 
1990; Farquarson 1992; Gumbrell 2000). 
Diarrhoea due to C. jejuni is typically mild with soft or watery faeces 
containing mucus or flecks of blood and is probably the result of enterotoxin 
production causing hypersecretion. An acute exudative segmental superficial erosive 
colitis and enteritis is seen on histopathology (Glastonbury 1990; Farquarson 1992; 
Gumbrell 2000). 
Diarrhoea due to Campylobacter-like organism is generally dark green and 
fluid and is possibly due to decreased absorption in the colon resulting from 
disruption to microvilli. An acute segmental ulcerative colitis and basophilic bacteria 
closely associated with the epithelium of the caecum and colon are seen on 
histopathology (Glastonbury 1990). 
Diagnosis of campylobacteriosis is based on history, clinical signs, 
histopathological findings, identification of the causative organism from mucosal 
scrapings from the caecum and colon and culture of the causative organism 
(Glastonbury 1990). 
Yersiniosis 
Ovine yersiniosis was first recognised in the 1930’s, but since the early 
1990’s it has emerged as a cause of enterocolitis in south-eastern Australia. 
Yersiniosis is not commonly diagnosed in Western Australia.  
Yersinia pseudotuberculosis is a normal inhabitant of the intestine of sheep 
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clinical disease (Glastonbury 1990; Gumbrell 2000). Clinical yersiniosis infections in 
Australian sheep are due to Y. pseudotuberculosis serotype III and Y. enterocolitica 
biotype 5, serogroup O:2,3 (Glastonbury 1990; Slee and Button 1990; Slee and 
Skilbeck 1992; Radostits et al. 1994). Y. intermedia and Y. frederiksenii have also 
been isolated from sheep in Australia but have not been associated with any 
characteristic lesions (Philbey et al. 1991). It has been suggested that there may be 
some biotypes of Y. enterocolytica that can cause scouring in lambs with little effect 
on weight gains (West et al. 2002).  
Clinical yersiniosis may occur in sheep of all ages, but it is more common in 
younger sheep (weaners and hoggets). Outbreaks of yersiniosis are typically 
associated with heavy infection pressure accompanied by stress from inclement 
weather (cold temperatures, high winds and high rainfall) or husbandry stresses such 
as weaning, shearing and dietary changes. Concurrent bacterial and parasitic 
infections are common (Glastonbury 1990; Philbey et al. 1991; Slee and Skilbeck 
1992; Radostits et al. 1994; Gumbrell 2000; West et al. 2002). 
Clinical signs of yersiniosis include scouring, depression, dehydration, ill 
thrift and deaths. The diarrhoea varies from green and fluid to black and mucoid and 
may be foul smelling or blood tinged. Diarrhoea is due to hypersecretion caused by 
enterotoxin and the inflammatory response that results in mucosal erosion and severe 
exudation of water, electrolytes and protein into the intestinal lumen (Glastonbury 
1990; Radostits et al. 1994; West et al. 2002). 
Diagnosis is based on distinctive histopathological findings (acute segmental 
erosive enterocolitis with the formation of microabscesses in the mucosa) and 
isolation of the causative organism (Glastonbury 1990; Slee and Button 1990; 
Philbey et al. 1991; Gumbrell 2000).  
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Listeriosis 
Listeriosis caused by infection with Listeria monocytogenes has been 
associated with enteritis and diarrhoea in sheep. Other clinical signs include 
septicaemia, neurological signs associated with encephalitis, depression, abortion 
and deaths. Sources of infection include latent carrier animals, soil, mud, plants, 
sewage and spoiled silage (Glastonbury 1990; Farquarson 1992; Machen et al. 2002; 
West et al. 2002).  
Diarrhoea is typically fluid and pale brown and is probably due to exudation 
of water, electrolytes and protein resulting from necrosis of the intestinal mucosa in 
the small and large intestine (Glastonbury 1990). 
Diagnosis of listeriosis is based on clinical signs, histopathological findings 
and isolation of the organism (Glastonbury 1990; West et al. 2002). 
Ovine Johne’s disease 
Ovine Johne’s disease (OJD) is a chronic granulomatous enteropathy cased 
by Mycobacterium avium subsp. paratuberculosis. Western Australia was declared 
“free” of OJD until 2003 when it was detected on several properties and it now 
appears likely that OJD has been endemic in Western Australia for several years 
previous to this. The current prevalence of OJD in Western Australia is not known. 
However, OJD is not a common diagnosis and there is no evidence to suggest that 
OJD is a common cause of the “low WEC scouring syndrome” in sheep in Western 
Australia. 
The main clinical sign associated with OJD is progressive weight loss that is 
usually observed in a low proportion of adult sheep. Diarrhoea may be seen in the 
terminal stages of the disease, but is only seen in a proportion of wasting sheep 
(Farquarson 1992; Navarre and Pugh 2002; West et al. 2002; Whittington 2004).   Chapter Two: Literature Review  Page 43 
Diarrhoea generally involves soft faeces rather than watery diarrhoea and many 
sheep affected with OJD have normal faecal pellets (Sharp 2000; Whittington 2004). 
OJD has a prolonged incubation period and clinical signs are most common in sheep 
older than two years of age with most being older than four years (Seaman and 
Thompson 1984). 
The clinical signs of OJD result from a severe immunopathology arising from 
chronic antigenic stimulation from mycobacteria resident in the intestinal tissues. 
Cell mediated immunity (CMI) responses restrict mycobacteria population expansion 
in the initial stages of the disease and as CMI declines, a mutibacillary form of the 
disease occurs and CMI responses are replaced by antibody mediated responses. The 
mature lesion is a chronic granulomatous enteritis (Whittington 2004). 
Diagnosis of OJD is based on history, clinical signs, serology, 
histopathological signs and isolation of the organism using culture of intestinal tissue 
or faeces (Whittington 2004). 
Enterotoxaemia 
Scouring may be observed as a minor clinical finding in sheep with 
enterotoxaemia (also known as “pulpy kidney”) caused by infection with Clostridium 
perfringens type D.  
Enterotoxaemia is most common in young sheep, although adult sheep are 
sporadically affected. Outbreaks with high morbidity and mortality can occur in 
sheep of any age. Clinical signs may include may include scouring, depression, 
anorexia, bloat, convulsions, paralysis or nervous signs associated with focal 
symmetrical encephalomalacia. Enterotoxaemia generally results in sudden death of 
sheep. In young sheep, the course of the illness is very short, often less than two 
hours and never more that 12 hours and so it is not common to see clinical signs in  
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young sheep. Adult sheep usually survive longer, up to 24 hours (Radostits et al. 
1994; Lewis 2000; Navarre and Pugh 2002; West et al. 2002).  
Cl. Perfringens type D is a normal inhabitant of the gastrointestinal tract of 
healthy sheep. Clinical disease is most commonly associated with rapid changes in 
diet (especially large amounts of rapidly fermentable carbohydrate) such as rapid 
introduction to grain diets, lush pastures or young cereal crops. Clinical disease may 
also be observed in “stressed” sheep (Radostits et al. 1994; Lewis 2000; West et al. 
2002). 
Diagnosis is based on a history of unvaccinated animals fed a high-risk diet, 
the finding of glycosuria, detection of toxin in intestinal contents and histological 
changes in the kidney and brain. Carcasses decompose rapidly post mortem 
(Radostits et al. 1994; Lewis 2000; Navarre and Pugh 2002; West et al. 2002). 
2.2.6  Nutritional causes of diarrhoea in sheep grazing pasture 
Nutritional scours 
There is little available information in the scientific literature on the impact of 
dietary components on faecal consistency in otherwise healthy sheep. “Nutritional 
scours” are a commonly implicated cause of scouring in sheep. However, 
“nutritional diarrhoea” is a diagnosis of exclusion often made when sheep grazing 
lush green feed develop diarrhoea that cannot be attributed to any other factor. 
Affected sheep are typically bright, appearing otherwise healthy and are maintaining 
or gaining condition (Napthine 1988; Glastonbury 1990; Farquarson 1992). 
The pathophysiology of “nutritional scours” is not well studied. Watts et al 
(1978) suggested that diarrhoea may be induced by “certain dietary components” in 
young pasture, but did not allude to what these components may be. Baillie (1979) 
suggested several circumstances under which nutritional scouring may occur in   Chapter Two: Literature Review  Page 45 
sheep, including grazing of lush young plant growth, rapid changes in the quality or 
composition of the pasture, the ingestion of aphid infested lucerne and the grazing of 
green cereal crops. However, no data were presented to support these claims, nor was 
there any suggestion made as to the pathophysiology of the diarrhoea. Glastonbury 
(1990) suggested that the cause of this syndrome is related to the high water and 
soluble sugar content of lush pasture increasing gastrointestinal flow rate resulting in 
higher sugar concentrations in the caecum and colon that in turn causes affected 
animals to develop an osmotic diarrhoea. Again, no data were presented to support 
this claim. 
Little published information is available that describes the mechanisms by 
which lush green feed may affect faecal consistency and which nutritional 
components of the green feed are responsible for any such changes. In addition, little 
information is available that might explain why scouring occurs in particular 
individuals, flocks or types of sheep more so than others when grazing under 
apparently similar conditions, either within a single property or district. 
Interactions between pasture and disease 
A study of dag in Merino ewes on three farms in western Victoria found that 
the paddock grazed by ewes of the same age had a significant effect on the mean dag 
score on one of the properties (Larsen et al. 1994; Larsen et al. 1995b; Larsen 1997; 
Larsen et al. 1999). The authors concluded that undefined risk factors associated 
with green pasture may have some role in the pathogenesis of larval hypersensitivity 
scouring. The mechanism by which this may have occurred was not examined and it 
was suggested that additional studies on the role of pasture factors in the larval 
hypersensitivity scouring syndrome were needed.  
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Another study investigating larval hypersensitivity scouring syndrome found 
marked differences in the severity of scouring between sheep grazed on commercial 
farms and those on a research station suggesting that “risk factors other than 
exposure to trichostrongylid larvae, such as the amount and composition pasture, can 
contribute to the severity of hypersensitivity scouring” (Larsen 2000). The 
mechanism by which this may have occurred was not tested. 
Other studies have suggested that some features of pasture may interact with 
infectious agents. Taylor et al (1993) suggested that the herbage dry matter content 
and diet in general may affect the excretion of Giardia cysts but did not present data 
to support this. 
Cape weed 
Cape weed (Arctotheca calendula) is commonly implicated as a cause of 
diarrhoea (Napthine 1988), particularly by sheep producers. There is little data 
available in the scientific literature to suggest scouring is associated with cape weed 
in the absence of other disease agents and pathological processes associated with 
cape weed ingestion have not been described. Sheep in pens fed ad libitum cape 
weed for one week had a similar faecal consistency to control animals fed lucerne 
and oaten hay (Pethick and Chapman 1991). 
During rapid growth phases, capeweed may accumulate nitrates as high as 
2.0-4.0% dry matter (Harris and Rjodes 1969). The nitrate content of the cape weed 
fed by Pethick and Chapman (1991) was not measured and so the possibility remains 
that cape weed may, under certain circumstances, result in sub-lethal nitrate toxicity 
and gastrointestinal irritation. Sub-lethal nitrate toxicity is discussed in more detail 
later in this chapter. Clearly further work is required to determine the relative 
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Fungal endophyte 
Fungal endophyte (Acremonium lolii) affects perennial ryegrass (Lolium 
perenne). Perennial ryegrass (PRG) toxicosis becomes a problem in PRG-dominant 
pastures. There are several manifestations of PRG toxicosis, of which “ryegrass 
staggers” is the syndrome most commonly observed. PRG fungal endophyte staggers 
should not be confused with annual ryegrass toxicity that affects annual ryegrass 
(Lolium rigidum) dominant pastures and is caused by a bacterial toxin. 
Work in New Zealand has shown that hyperthermia and diarrhoea may be 
common manifestations of disease associated with ryegrass fungal endophyte. Lambs 
grazing PRG pasture infected with endophyte (Acremonium lolii) have increased 
incidence of scouring, dag and breech strike compared with lambs grazing non-
infected pastures (Leathwick and Atkinson 1995; Leathwick and Atkinson 1996; 
Eerens et al. 1998; Fletcher et al. 1999). It has been suggested that some PRG 
endophyte metabolites arising from the Acremonium fungus located in the leaf of the 
plant other than ergovaline, lolitrem B and peramine may be responsible increased 
faecal moisture, scouring and dags (Pownall et al. 1993; Wesselink et al. 1995). 
The pathogenesis of scouring associated with ingestion of PRG endophyte is 
unknown. It has been suggested that PRG fungal endophyte may act by reducing 
gastrointestinal transit time as a result of endocrine changes affecting gastrointestinal 
function. This in turn may reduce the efficiency of digestion and absorption in the 
small intestine and thus increase the nutrient content of digesta reaching the hindgut. 
The consequential increased rate of hindgut fermentation may result in osmotic 
diarrhoea and this coupled with a concurrent reduction in the capacity for water 
absorption and the production of a normal faecal pellet in the colon (due to faster  
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digesta transit) may result in loose faeces with increased water content (Wesselink et 
al. 1995; Waghorn et al. 1999). 
It is possible that there is a genetic interaction with disease attributable to 
PRG fungal endophyte. Young et al (2004) found that sheep selected for resistance 
to ryegrass staggers may be more susceptible to flystrike, but the incidence of dags 
was not reported in this study. 
Perennial grasses are not commonly the dominant pasture species in the non-
irrigated areas of the south west of Western Australia. However, use of PRG is 
becoming increasing widespread as producers attempt to find ways of providing 
animals with quality feed over the dry summer period. PRG endophyte may play a 
role in scouring in areas of Western Australia where PRG is a dominant species, 
although further work is necessary to define the toxin(s) involved and the 
pathophysiological response to endophyte that may result in diarrhoea and dags. 
Toxic Plants 
Many plants have been implicated as causing gastroenteritis and diarrhoea in 
grazing livestock in Australia. Extensive lists of toxic plants are available in Everist 
(1974) and Hungerford (1975) lists over 70, although many of these are only 
anecdotally linked with scouring. 
Toxic plants vary between districts and between seasons, but there is no 
evidence that any specific plants are commonly implicated as a primary cause of 
scouring in sheep in the south west of Western Australia. 
Diagnosis of plant toxicities is based on animals having access to toxic 
plants, evidence that animals have eaten the plant based on botanical identification of 
gut contents, consistent clinical and pathological findings and controlled feeding 
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Other pasture plants 
Grazing of plants containing condensed tannins, such as Lotus spp. and sulla, 
has been associated with reduced dag and it has been suggested that these plants may 
play a role in the integrated management of dags and breech strike (Cole and Heath 
1999; Ramírez-Restrepo et al. 2004). The mode of action of condensed tannins in 
reducing dags has not been defined. Studies by Leathwick and Atkinson (1995; 
1996) found that sheep grazing Lotus spp. had less dags than sheep grazing high 
endophyte ryegrass. Niezen et al (1998) found that parasitised lambs grazing 
ryegrass-white clover pasture had greater dag weights than those grazing lucerne or 
Lotus spp. In the same study, non-parasitised lambs grazing ryegrass-white clover 
and sulla pastures had greater dag weights than those grazing Lotus pedunculatus 
(Niezen et al. 1998).  
However, in another study Niezen et al (1994) reported increased dag in 
sheep grazing chicory and suggested that this may be due to the high level of soluble 
carbohydrate or low dry matter content, but did not present any data to support either 
factor as a cause of the increased dag. 
Protein 
Excess protein in green feed has been cited as a potential cause for 
“nutritional scours” on sheep grazing lush green feed (Trengove 1999; Trengove 
2004), but there appears to be a lack of published evidence in the scientific literature 
to support this claim. Lush grass and clover pastures, cereal crops and cape weed 
may have crude protein levels in excess of 25-30% that is well in excess of the 
requirements for all classes of sheep (Agricultural Research Council 1980; National 
Research Council 1985; Standing Committee on Agriculture and Resource 
Management 1990). However, excess dietary protein has not been proven to be a 
primary cause of gastrointestinal disease in sheep and there appears to be no  
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evidence of any association between feed or faecal nitrogen and dag formation 
(Wesselink et al. 1995). 
High levels of rumen soluble protein in pasture will result in increased 
ammonia concentration in the rumen. This may have adverse effects on rumen 
microbial population and there is potential for systemic subclinical and clinical 
ammonia intoxication where the crude protein in the diet exceeds 14%. However, it 
is also likely that substantial amounts of protein will escape the rumen and undergo 
digestion and absorption in the small intestine (Van Soest 1994; Annison et al. 
2002). 
The level of feed intake affects the extent of protein escape from rumen 
degradation (Van Soest 1994). As intake increases relative to maintenance, so will 
the amount of rumen protein escape. If rumen undegraded protein is not digested in 
the small intestine and passes through to hindgut, there is potential for osmotic 
diarrhoea. However, this may not be seen in all scenarios as feeding supplements 
high in protein (eg lupins) and rumen undegradable protein (eg canola meal) does not 
routinely result in scouring. 
A study of effect of dietary components on faecal moisture and faecal 
consistency in dairy cattle found evidence that cattle fed diets with crude protein in 
excess of requirement had looser faeces with a higher water content compared with 
cattle fed a lower protein diet (Ireland-Perry and Stallings 1993). However, this 
effect depended on the source of protein fed and the source of protein was more 
significant than the level of dietary protein. In addition, there was a large amount of 
variation between cows fed the same diet. The authors concluded that diet and 
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There is substantial information supporting the notion that “high protein” 
diets have beneficial effects on resistance and resilience to nematode burdens in 
sheep. This is a major area of research and has been reviewed extensively in the 
scientific literature (Coop and Holmes 1996; van Houtert and Sykes 1996; Coop and 
Kyriazakis 2001; Houdijk and Athanasiadou 2003; Walkden-Brown and Eady 2003). 
Nitrates 
Sublethal ingestion of nitrates at 0.5-1.5% diet dry matter may have a direct 
caustic effect on the gut mucosa resulting in gastrointestinal irritation, diarrhoea and 
possibly abortions (Everist 1974; Radostits et al. 1994). Little information is 
available in the literature about sub-lethal exposure to nitrates and the relative 
importance of nitrates as a cause of scouring in sheep has not been defined. 
Nitrates may be lethal at more than 1.5% diet dry matter due to production of 
methaemoglobinaemia resulting in hypoxia and death, although some adaptation may 
occur with chronic nitrate exposure (Galey 1998). Nitrate poisoning can also occur 
due to contamination of water levels over 0.12% via biological runoff, industrial 
effluent or fertiliser (Galey 1998).  
Nitrate accumulation is affected by a wide range of factors that may disrupt 
the balance between nitrogen uptake from the soil and utilisation by the plant. Such 
factors include species of plant, high nitrogen content of soil (natural or due to recent 
fertilization), specific soil conditions (acid soils and molybdenum deficient soils), 
stress due to drought, freezing or disease, herbicide treatment (eg 2,4-D), low light, 
adequate moisture supply in early growth stages and low soil temperature. Nitrate 
accumulates preferentially in stalk or rough portion of plant and less so in leaves and 
flowers (Galey 1998).  
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Certain plants are capable of accumulating nitrates, including oats (Avena 
satavia), pigweed (Portulaca spp.), mintweed (Salvia reflexa) and cape weed 
(Arctotheca calendula) (Napthine 1988; Glastonbury 1990). However, nitrate 
toxicity has also been associated with ryegrass species, brassicas (rape/canola and 
turnip), lucerne, barley and wheat (Waghorn et al. 2002), all of which are commonly 
grown in the south west of Western Australia.  
Diagnosis of nitrate toxicity is based on grazing history, clinical and 
pathological signs and determination of methaemaglobin levels in the blood. Post 
mortem samples may exhibit signs of non-specific gastroenteritis. Chocolate brown 
blood can be seen where methaemaglobin levels exceed 30%. Mucous membranes 
may also be discoloured. Methaemaglobin levels can be measured in ocular fluid and 
serum. Blood measurements are problematic as methaemaglobin can be converted to 
haemaglobin and vice versa post mortem or in transit. This makes confirmation of 
suspected nitrate toxicities difficult, particularly sub-clinical disease (Radostits et al. 
1994; Galey 1998). 
Carbohydrate 
Carbohydrate classification 
There are several different classifications of plant carbohydrates and these are 
outlined in Figure 2.2. Plant carbohydrates can be grouped into storage 
carbohydrates and polysaccharides that constitute part of the cell wall structure 
(Annison et al. 2002). Structural polysaccharides may be soluble or insoluble and 
most “fibre” components (eg hemicellulose) will have soluble and insoluble 
fractions. 
Cellulose is covalently linked to lignin, is insoluble and not highly digestible 
in the rumen. Hemicellulose is an older and somewhat inaccurate classification, but it 
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fraction of cellulose that is soluble in alkali. This is now known to be inaccurate and 
the classification of crude fibre by differences in solubility, specifically acid 
detergent fibre (ADF) and neutral detergent fibre (NDF) is imprecise with respect to 
the chemical structure and biological function (Choct 1997; van Barneveld 1999). 
Hemicelluloses have variable solubility and digestibility. 
Pectins, galactans and -glucans are largely soluble and are highly 
fermentable in the rumen. Fermentation of these compounds does not result in 
production of lactic acid and their fermentation is inhibited by low pH (Van Soest 
1994; Annison et al. 2002).  This is similar to the pattern of fermentation observed 
with cellulose and hemicellulose. 
Plant carbohydrates can also be classified into 
monosaccharides/oligosaccharides, starch and non-starch polysaccharides (NSP) 
(Choct 1997; Choct and Kocher 2000). NSP include cellulose and non-cellulose 
polymers (including arabinoxylans, mixed linked -glucans, mannans, galactans and 
xyloglucan) and pectic polysaccharides (polygalacturonic acid) (van Barneveld 
1999). Features of NSP components in sheep diets are outlined in more detail in 
Table 2.2. 
The term “effective fibre” and “effective physical fibre” are often used to 
describe characteristics of forage particle length. Adequate forage particle length 
plays an important role in stimulating chewing, saliva production and rumination 
which in turn help maintain proper ruminal pH (Allen 1997, 1999; Oetzel 2001). It 
has been suggested that the physical and chemical characteristics of fibre should not 
be considered in isolation as both chemical fibre and physical fibre are necessary to 
maintain normal rumen function and the interaction between the two components is 
complex (Allen 1997). The importance of this interaction between chemical and  
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physical effective requirements for healthy rumen and digestive function has been 
well described in dairy cattle (Allen 1999; Oetzel 2001), but is less well studied in 
sheep. 
Seasonal pattern of carbohydrates in pasture 
The carbohydrate content of pasture plants changes with plant maturity. As 
the plant matures, the leaf content is reduced and stem content increases and there 
are changes in the composition of the cell wall (Coleman and Henry 2002). The 
structural links components (cellulose, hemicellulose and lignin) increase with 
maturity and this is reflected in increases in ADF and NDF values as the plant 
matures.  In addition, the digestibility of cellulose and hemicellulose decreases with 
plant maturity and increased lignification (Coleman and Henry 2002). Whilst total 
NSP content has been shown to increase with plant maturity (Li 1992), there is no 
published data specifically on the variation of sNSP and iNSP associated with plant 
maturity and growing conditions.    
Figure 2.2: Classification of plant carbohydrates (Trengove 2004). 
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Table 2.2: Non-starch polysaccharides in sheep diets
a 
 
NSP type  Sugar 
component  Linkage Solubility Digestibility  Sources  Comments 
Cellulose Glucose  1-4 
Completely 
insoluble  Variable 
Grasses, 
legumes & 
grains 
Major portion of plant cell wall but is generally 
in intimate association with pentosans, lignin, 
cutin and silica 
Hemicellulose 
Arabinose, 
xylose, 
mannose, 
galactose, 
glucuronic 
acids 
Mixed Variable  Variable 
Grasses, 
legumes & 
grains 
Heterogenous collection of polysaccharides. 
Collective composition varies greatly between 
plant species. Common factor is 1-4 xylan core 
polymer linked to arabinose and uronic acid. 
Hemicellulose in grasses and legumes are largely 
arabinoxylan. Xyloglucans are higher in legumes. 
Pectins  Arabinose & 
galactose  Mixed  Largely 
soluble 
High (but 
evidence of 
undegradable 
portion) 
Legumes, 
grasses & 
legume 
grains 
Includes polygalacturonans, galactans, arabinans 
and arabinogalactans. Pectins are rich in 
galacturonic acid. Distinction between 
hemicellulose and pectin is not clear. Higher in 
legumes than grasses. 
-glucan  Glucose  1-4 & 
1-3 
Largely 
soluble  High  Cereal 
grains 
Form viscous gums in solution. Low content in 
grass and clover. 
Fructans Fructose  2-6 
Largely 
soluble  High Grass 
Fructan content of grasses is influenced by 
growing conditions. Vegetable inulins have 2-1 
linkages and are less soluble. 
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Carbohydrates and Acidosis 
Rumen and hindgut acidosis occurs in sheep where soluble carbohydrate 
(typically starch) fermentation causes an alteration in the microbial population and 
pH in the rumen or hindgut (Rowe 1997; Mackie et al. 2002). Hindgut acidosis has 
not been as thoroughly described as rumen acidosis. Diarrhoea may be seen as a 
clinical sign in sheep with lactic acidosis and is a common finding in milder cases 
(Napthine 1988; Glastonbury 1990; Farquarson 1992; Radostits et al. 1994). The 
pathogenesis of scouring associated with rumen and hindgut acidosis is not clear, but 
may be an “osmotic diarrhoea” or related to the production and absorption of 
bacterial endotoxin and subsequent production of tumour necrosis factor-alpha 
(TNF-) stimulating a local and/or systemic inflammatory response (Rowe 1997; 
Clayton and Jones 2001). 
Rumen and hindgut acidosis are most commonly associated with feeding of 
cereal grains. However there is potential for the development of sub-clinical or 
clinical acidosis to develop when grazing very lush pasture with high levels of 
soluble carbohydrate, particularly where there are corresponding low levels of 
“effective fibre” in the diet. This syndrome is well documented in dairy cattle 
(Macky 1994; Allen 1997; de Veth and Kolver 2001; Westwood and Lean 2001; 
Westwood et al. 2003) but does not appear to have been studied in sheep. A recent 
study found that providing access to straw resulted in a reduction of the moisture 
content of faeces and a reduction in the proportion of sheep with a dag score of three 
or greater (on a scale of one to five) in sheep grazing pasture (Davidson et al. 2006). 
Non-starch Polysaccharides 
It has been suggested that dietary NSP may play a role in the development of 
fermentative acidosis through ruminal “escape” and rapid fermentation in the hind 
gut (Rowe 1997). It has also been suggested that soluble NSP (sNSP) may reduce the  
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efficiency of starch digestion in the small intestine by increasing viscosity of the 
digesta and thus act synergistically with starch to increase hind gut fermentation 
(Rowe 1997). 
The role of NSP have not been well studied in sheep. sNSP are thought to be 
highly fermentable in the rumen (Engstrom et al. 1992; Van Soest 1994; Annison et 
al. 2002). The effect of NSP on post-ruminal gastrointestinal function and the 
conditions under which NSP may escape the rumen undigested are not well studied, 
but may be similar to the rumen kinetics that control protein escape. 
Interactions between diets high in NSP and enteric diseases have been well 
studied in monogastric species, particularly pigs. Porcine diets high in NSP have 
been shown to increase susceptibility to enteric bacterial diseases, including post-
weaning colibacillosis (haemolytic E. coli) in the small intestine (Hopwood 2001) 
and porcine intestinal spirochaetosis (Brachyspira pilosicoli) and swine dysentery 
(Brachyspira hyodysenteriae) in the large intestine (Pluske et al. 2002). Several 
studies have also found that diets high in insoluble NSP provide favourable 
conditions for parasitic establishment and maintenance of Oesophagostamum 
dentatum in the large intestine of pigs whereas diets composed of rapidly 
fermentable carbohydrates decrease worm establishment, size and fecundity 
(Petkevicius et al. 1997; Petkevicius et al. 1999; Petkevicius et al. 2001; Petkevicius 
et al. 2003; Petkevicius et al. 2004). 
Lipids 
The lipid content of sheep feedstuffs is often overlooked and are not well 
described in commonly used literature outlining nutrient requirements of sheep 
(National Research Council 1985; Standing Committee on Agriculture and Resource 
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reducing digestibility (Van Soest 1994).  Lipids are rapidly hydrolysed in the rumen 
by bacterial lipases to liberate long-chain fatty acids (LCFA). The LCFA are 
absorbed on to the surface of rumen bacteria and feed particles and undergo 
biohydrogenation. Small amounts of LCFA escape biohydrogenation and are 
absorbed in the small intestine (Annison et al. 2002). 
Inhibition of forage digestibility occurs when dietary fats exceed 5-6% 
because the antimicrobial activity of LCFA restricts microbial fermentation. Lipids 
are usually present at between 3-4% dry matter in forages and lipid content generally 
decreases as plants mature (Annison et al. 2002; Coleman and Henry 2002). 
Ryegrass may contain as much as 6% dry matter lipid content. Cereal grains vary 
widely in their lipid content, from approximately 1-2% in wheat and barley to as 
high as 10% dry matter in oats (van Barneveld 1999; Annison et al. 2002).  
The relative importance of lipid content of sheep diets (particularly pasture) 
as a potential cause of scouring is largely unknown. 
Minerals 
Imbalances of minerals in lush green feed have been proposed as a potential 
cause of scouring (Pethick and Rowe 1998; Trengove 1999), but there appears to be 
few studies published in the scientific literature supporting this. The role of minerals 
in pasture plants in causing “winter scours” in sheep was reviewed by Larsen (1997) 
who found “no obvious temporal association between increased concentration of 
minerals in pastures commonly grazed in western Victoria and the occurrence of 
winter sours”. 
Cation content of digesta affects the osmotic gradient and may affect faecal 
water content and faecal consistency. Sodium and potassium are the main cations in 
digesta with potassium absorbed primarily in the small intestine and sodium  
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absorbed primarily in the large intestine. Other cations account for 30-50% of the 
total cation content of digesta (Waghorn et al. 1990). Malabsorption of cations due to 
enteric disease, interference with the Na
+/K
+ pump or very rapid digesta flow rates 
may result in increased digesta osmolarity and therefore increase water contents of 
faeces (Wesselink et al. 1995). This is consistent with a study that found the faeces 
of sheep with severe dag contained increased potassium relative to unaffected sheep 
(Reid and Cottle 1999). The sheep with severe dag also had lower faecal magnesium, 
but the magnesium content of the pastures was not tested in that study. 
Lush green feed often has very high potassium levels (3-4% dry matter), 
particularly if there has been a recent history of application of potassium fertilizer 
(Pethick and Rowe 1998; Trengove 1999). A review of literature on the mineral 
content of pasture plants in Western Australia concluded that phosphorus, sodium, 
potassium levels fall as the plant matures but there is no consistent changes reported 
for calcium and magnesium (Masters 1996). This pattern appears to be consistent 
across the winter rainfall areas of southern Australia. A study of pastures in western 
Victoria showed magnesium and potassium levels in grasses remained fairly constant 
over autumn and winter then declined in spring to be lowest in early summer (Walsh 
and Birrell 1987). The potassium levels in subterranean clover showed a similar 
pattern to the grasses, although the magnesium levels were significantly higher in the 
clover than in grasses during spring (Walsh and Birrell 1987). The sodium content 
stayed fairly constant throughout the year in the grasses, but sodium content in 
subterranean clover and capeweed peaked summer-autumn (Walsh and Birrell 1987).  
In sheep, little potassium absorption occurs in the large intestine, therefore 
where potassium intake exceeds the absorptive capacity of the small intestine, 
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1995). Reduced absorption of other cations may contribute to increased osmolarity 
and faecal moisture. Magnesium absorption is likely to be inhibited on pastures with 
very high potassium content (Grace 1988; Pethick and Rowe 1998).  
Mineral imbalances are not a proven cause of scouring in otherwise healthy 
animals, although they may play a role in determining faecal consistency in animals 
grazing lush green pasture. Further work is needed in this area to determine the 
pathogenesis and relative importance of dietary mineral imbalances in sheep. 
Trace elements 
Scouring may been seen in association with deficiencies or toxicities of trace 
elements. Selenium, copper and cobalt deficient soils have been identified in the 
south west of Western Australia. 
Selenium 
A variety of disease syndromes have been associated with selenium 
deficiency with the most important being degenerative myopathy (or “white muscle 
disease”).  Scouring and ill thrift may be seen in conjunction with reduced wool 
production and suboptimal reproductive and growth rates. However scouring is not a 
consistent finding in flocks with confirmed selenium deficiency. Scouring and 
reduced wool production have been described as “selenium responsive” because they 
are not “proven” symptoms of deficiency and caution is necessary when considering 
selenium deficiency as a primary cause of scouring. Clinical signs of selenium 
deficiency are more common in weaners and in sheep grazing lush green feed 
(Radostits et al. 1994). 
The pathogenesis of scouring associated with selenium deficiency has not 
been well described, although it has been suggested that it may be related to a 
depressed immune state resulting in increased susceptibility to internal parasitism  
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(Glastonbury 1990). Selenium deficiency can affect not only the immune system but 
also the virulence of the invading viral organisms (Beck and Matthews 2000). 
However, the effect of selenium deficiency on parasite infections is controversial 
because several studies have shown that selenium supplementation of weaner sheep 
fed selenium deficient diets did not affect resistance to strongyle infection (Jelinek et 
al. 1988; McDonald et al. 1989) and recent reviews have concluded that there is no 
evidence that selenium status has any influence on parasite infection (Suttle and 
Jones 1989; Lee et al. 2002; McClure 2003). 
Soils deficient in selenium have been well demarcated in Western Australia. 
Factors that predispose the development of selenium deficiency include clover 
dominant pastures, annual rainfall in excess of 500 mm per annum, acidic 
basalt/granite soils and heavy application of sulphur-fortified superphosphate or 
gypsum (Glastonbury 1990). 
Scouring may also be observed as a minor clinical finding with selenium 
toxicity following accidental overdosing. Other clinical signs include dyspnoea, 
bloat, abdominal pain and death due to respiratory failure. 
Copper 
Scouring is a minor clinical sign with copper deficiency that is more 
commonly observed in cattle than sheep. Other signs associated with chronic copper 
deficiency include enzootic ataxia, anaemia, arterial aneurisms, osteoporosis, ill thrift 
and reduced wool crimp, pigment and tensile strength (Napthine 1988; Glastonbury 
1990; Radostits et al. 1994; Lee et al. 2002). 
Scouring is more commonly associated with copper deficiency where the 
deficiency is secondary to excessive molybdenum intake. The pathogenesis of 
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oxidation and interference with intermediary metabolism (Glastonbury 1990). There 
is some suggestion that copper deficiency may increase susceptibility to diseases, 
including bacterial infections (Suttle and Jones 1989) and annual ryegrass toxicity 
(Lee et al. 2002). Several studies have found that copper supplementation with 
abomasal needles reduced burdens of abomasal nematodes (H. contortus and Tel. 
circumcincta), but not intestinal nematodes (T. colubriformis) (Bang et al. 1990; 
Knox 2002; Burke et al. 2004; Waller  et al. 2004; Burke et al. 2005). 
Copper deficiencies are seen most commonly on sandy coastal soils, sandy 
loams and peaty swamps. Availability of dietary copper is reduced by high intakes of 
molybdenum, sulphur, zinc, iron, cadmium, calcium and the application of lime to 
pastures (Napthine 1988; Glastonbury 1990). There is some evidence to suggest that 
strongyle larval infection can induce copper deficiency in sheep on normally 
sufficient pastures through a combination of reduced absorption and increased 
endogenous loss (Judson et al. 1985; Lee et al. 2002). 
Scouring may be observed as a minor clinical finding with copper toxicity 
that results in gastroenteritis, abomasal ulceration, pulmonary oedema and death 
(Napthine 1988; Glastonbury 1990). 
Cobalt 
Cobalt is necessary for the production of vitamin B12 by rumen microbes. 
Scouring is only observed with chronic cobalt deficiency and is typically a minor 
clinical sign (Glastonbury 1990). More common clinical signs include depressed 
appetite, ill thrift, anaemia, lacrimation, reduced wool production and infertility. 
Liver damage, photosensitisation and neurological signs may also occur (Napthine 
1988; Glastonbury 1990).  
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Diagnosis of trace element deficiencies and toxicities 
Measurement of blood glutathione peroxidase (selenium), vitamin B12 
(cobalt) and serum copper levels on several animals (at least five) are generally used 
to assess flock trace element status antemortem. Tissue levels of copper and 
selenium may also be assessed on fresh post-mortem material. Liver is the preferred 
tissue for diagnosis of deficiencies and liver and kidney are the tissues of choice for 
diagnosis of suspected toxicities. Other causes of diarrhoea should be ruled out and a 
response to treatment trial considered to confirm cases where a trace element 
deficiency is suspected. 
Water intake 
Low dry matter content of pasture and ingestion of large quantities of water 
are often cited as causes of scouring in sheep grazing lush green feed. However, 
there is no evidence to support this in the scientific literature and excess water intake 
is unlikely to be a common cause of scouring in sheep. 
The effect of increased water intake associated with the grazing of pasture 
with low dry matter content was reviewed by Larsen (1997) and found that “the 
ingestion of water from pasture is unlikely to explain the diarrhoea seen in winter 
scours”. It is more likely that increased water intake will increase urine volume, 
whereas the main influence of faecal moisture is likely to be related to the absorptive 
capacity of the colon that is in turn associated with dietary and physiological factors, 
as opposed to water intake (Wesselink et al. 1995). 
Excess intake of water, either in feed or due to polydipsia, will generally 
increase the amount of urine produced without significantly affecting faecal dry 
matter or consistency (Waghorn et al. 1994; Wesselink et al. 1995).  Water is known 
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rumen water transactions and water pools are limited (Weston 2002). A study by 
Suttle and Field (1967) showed that the majority of ingested water is excreted via 
urine with much smaller quantities excreted via respiration, perspiration and faecal 
loss. Any excess water ingested in pasture is therefore likely to be excreted as urine 
and is unlikely to be related to changes in faecal consistency in otherwise healthy 
sheep on lush green feed (Larsen 1997). 
It has been suggested that there are limits to the volume of fresh pasture and 
water that sheep can consume. Under certain conditions, herbage dry matter content 
can fall below 10% and the dry matter intake of pasture is depressed. However, the 
level at which intake constraint occurs is variable and it has been suggested that 
factors in addition to water and forage bulk are involved in the constraint on intake 
of forages with low dry matter content (Weston 2002). 
2.2.7  Chemical poisonings 
Poisoning due to arsenic, lead, phosphorus, salt, mercury, zinc, 
organophosphates and paraquat have been associated with scouring in sheep 
(Glastonbury 1990). However, these toxicities are not commonly diagnosed causes 
of scouring in sheep in Western Australia. Diagnosis is based on clinical signs and 
pathological findings (including toxicology) on body tissues. 
2.2.8  Salt poisoning 
Diarrhoea is a minor clinical finding in sheep with salt poisoning that may 
cause severe gastroenteritis (Napthine 1988). Salt poisoning is a syndrome of 
sodium-water imbalance. Toxic effects are associated with excess salt concentration 
in tissue resulting in a high osmotic gradient drawing water into the tissue. Excess 
salt cannot be excreted by the kidneys without the excretion of water, so salt 
poisoning occurs with concurrent relative deprivation of water. Excess sodium ions  
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can inhibit cellular enzymes, including those associated with the glycolytic pathway. 
This can have a profound effect on nervous tissue where glycolysis is the major 
energetic pathway (Raisbeck 1998). 
The source of salt can generally be attributed to feed sources, supplements 
(such as licks) and water with high salt content. Sheep can tolerate reasonably high 
levels of salt in the diet provided adequate fresh water is available and a relative 
restriction of access to fresh water must be present for the development of salt 
toxicity (Raisbeck 1998). Salt can be concentrated in troughs as water evaporates. 
Salt poisoning should be considered when sheep have access to supplements, are 
forced to drink salt water or given access to salt or water after being on a restricted 
supply for some time. Lambs and weaners are most susceptible to the development 
of clinical signs (Raisbeck 1998). 
Clinical signs may be associated with central nervous system (shivering, 
staggers, convulsions and death) and the gastrointestinal tract (diarrhoea and colic). 
Diagnosis is based on testing the salt content of feed and/or water supply and a 
history of water deprivation or heavily salt contaminated water supply. Safe levels of 
salt in water supplies are 6000mg/L for breeding ewes, lambs and weaners and 
10,000 to 15,000 mg/L for dry adult sheep. Water with less than 3000 mg/L is 
recommended for continual use by all livestock (Standing Committee on Agriculture 
and Resource Management 1990). 
2.2.9  Sand 
Ingestion of sand can result in gastroenteritis and scouring. Potential for 
impaction of gut contents exists. Colitis attributable to ingestion of sand is a common 
cause of diarrhoea and illthrift in equines in Western Australia. Large amounts of 
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badly eroded paddocks or under drought conditions. Diagnosis is based upon post-
mortem findings. 
Whilst it is likely that sheep ingest variable amounts of sand under Western 
Australian conditions and large amounts of sand are commonly found in the 
gastrointestinal tract of sheep post mortem, sand does not appear to be commonly 
associated with gross or histological evidence of gut mucosal pathology. 
2.3  LITERATURE REVIEW CONCLUSIONS 
Diarrhoea (scouring) is a major risk factor for the development of dag and 
subsequent susceptibility to breech blowfly strike. Perineal conformation also 
influences dag severity by determining susceptibility of the breech to faecal 
accumulation. 
The nutritional and physiological factors that control faecal consistency in 
sheep are not well described in the literature. It is likely that strongyle worms are a 
major cause of diarrhoea in sheep in Western Australia, however the relative 
importance of worm burdens and larval ingestion on scouring in both susceptible and 
immune sheep warrants further investigation.  
A thorough investigation of cases of the “low WEC scouring syndrome” is 
necessary to rule out the wide range of known causes of scouring. Sporadic 
outbreaks of large strongyle worm burdens and enteric bacterial infections may cause 
diarrhoea in sheep of any age and so a thorough investigation is necessary to rule out 
these causes. Most infectious causes of enteritis have clinical signs in addition to 
diarrhoea and may be associated with ill thrift and/or deaths. Protozoal parasites may 
be an emerging issue in ruminants worldwide, but there is currently no evidence  
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suggesting that they are a common cause of scouring in sheep of post-weaning age in 
the south west of Western Australia. 
The role of nutrition, larval hypersensitivity scouring and genetics in the “low 
WEC scouring syndrome” commonly reported in adult sheep in the winter and spring 
months warrants further attention. It is possible that a complex interaction between 
diet, larval intake, host immune response, genetic predisposition and breech/tail 
conformation combines to determine the likelihood of scouring and subsequent 
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2.4  GENERAL AIMS 
1.  To describe the occurrence of diarrhoea and dag in sheep in the south west of 
Western Australia and identify risk factors associated with severe dag 
2.  To investigate the causes of “low WEC scouring” in sheep in the south west of 
Western Australia 
3.  To examine some of the nutritional interactions that may exacerbate diarrhoea in 
sheep in the presence and absence of strongyle worm infections 
2.5  GENERAL HYPOTHESES 
1.  Scouring and dags are common and widespread throughout the south west of 
Western Australia in the winter and spring months and less so in summer and 
autumn 
2.  Scouring is commonly associated with low WEC in adult sheep and with high 
faecal worm egg counts in younger sheep 
3.  Larval hypersensitivity scouring syndrome is a common cause of low WEC 
scouring in the south west of Western Australia 
4.  The dietary soluble non-starch polysaccharide content of diets may exacerbate 
scouring in the presence and absence of strongyle worm infections in sheep 
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CHAPTER 3:  MATERIALS AND METHODS 
3.1  PARASITOLOGY 
3.1.1  Faecal worm egg count 
Faecal worm egg counts (WEC) were performed by Animal Health 
Laboratories, Department of Agriculture (Albany, Western Australia) using a 
modified McMaster technique (Animal Health Laboratories 2005b) that is based on 
the method originally described by Whitlock (1948) and later described in Australian 
Standard Diagnostic Techniques for Animal Diseases Manual (Lyndal-Murphy 
1993).  
For flock sampling, individual WEC were performed on a random sample 
population of the flock in question (usually 10 to 20 sheep) and a flock arithmetic 
mean WEC was calculated.  
Samples were generally collected per rectum. In field investigations where 
yards were not available, the sheep were mustered into a corner of the paddock, held 
there quietly for about five minutes and then allowed to disperse calmly. Fresh 
individual faecal samples were identified and collected. All faecal samples were 
stored in airtight containers or plastic bags with the air expressed and stored at 2-8
oC. 
The modified McMaster technique used involved weighing exactly 2.0g  
0.15g of faeces into a plastic jar and the faeces were allowed to soak in 2-8ml of 
water for one hour or overnight in the fridge (optional). The faecal sample was 
mashed using a glass pestle or syringe plunger before adding the floatation solution 
(saturated sodium chloride solution with a specific gravity 1.18 – 1.20) to make the 
sample suspension up to 60ml. The suspension was mixed and stirred vigorously 
with a pipette and a sample immediately pipetted from the centre of the suspension to 
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The eggs were counted using 40x or 100x magnification within 45 minutes of 
adding the floatation solution. All visible eggs within the external marked boundaries 
of the chamber were counted except for eggs touching the crossing or underneath 
upper or lower horizontal lines. Trichostrongylidae-type eggs (sometimes referred to 
as “strongylid” or “strongyle” eggs) and Nematodirus eggs were counted separately. 
Where required, coccidia oocysts were counted in a similar manner but covering 
only one quarter of a counting chamber.  
The Strongylid and Nematodirus eggs per gram (epg) were calculated using 
the following calculation: 
Number of eggs per gram of wet faeces=
number of eggs counted  total volume
volume of sample counted weight of faeces
 
A Whitlock paracytometer counting chamber with a volume of 0.6ml was 
generally used resulting in a multiplication factor of 50.  
Where faecal samples less than 2g were used, the following calculation was 
used for correction: 
  
Adjusted multiplication factor  =  
Original multiplication factor (ie. 50 for Whitlock paracytometer)
weight of sample (g)
2
 
Factors affecting WEC 
There are several factors that affect WEC and as a result, WEC may not 
always be indicative of the number of strongyle worms present. Such factors have 
been reviewed by several authors (Kingsbury 1965; Gordon 1967; Rubin 1967; 
Brunsdon 1970) and are summarised below: 
  The fecundity of female worms is influenced by a range of host factors, 
including immunity, stress and lactation.  
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  WEC are a measure of concentration of eggs in faeces and therefore WEC 
are influenced by the volume of faeces produced, rate of passage of digesta 
through the gastrointestinal tract and distribution of eggs throughout the 
faecal mass. 
  “Strongyle” eggs are indistinguishable and so larval differentiation is 
necessary to differentiate Trichostrongylus, Teladorsagia (Ostertagia) and 
Haemonchus spp. This complicates clinical interpretation as the number of 
eggs produced daily varies considerably between genera (Haemonchus > 
Trichostrongylus > Teladorsagia). 
  Eggs are only produced by adult female worms and so immature worm 
burdens are often underestimated 
  In addition to host immunity, fecundity of the female worm may also be 
influenced by chemotherapy (eg. sub-lethal doses of anthelmintics and 
corticosteroids) and nutritional factors (eg. condensed tannins) 
Interpretation of WEC 
It has been shown that if sufficient numbers of samples are examined, WEC 
can be interpreted in terms of “low” (<500 epg), “moderate” (600-2000 epg) and 
“high” (>2000 epg) to provide reasonable inferences about the size and likely 
pathogenicity of the worm infections in sheep flocks (McKenna 1981). These 
categories were first suggested by Kingsbury (1965) who examined the association 
between WEC and total worm count (TWC) and found that the minimal significant 
trichostrongyle WEC was about 500 epg and that 80% of WEC in excess of 2000 
epg were associated with more than 4000 worms. 
The use of these WEC categories for interpretation of WEC was further 
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between WEC and the level and/or likely pathogenicity of mixed gastrointestinal 
strongyle infections (excluding Nematodirus) in young sheep (<12 months of age). 
This relationship was less clear in adult sheep, but when WEC were categorised into 
the “low”, “moderate” and “high” categories as first suggested by Kingsbury (1965), 
the association was consistent between both adult and young sheep. Kingsbury also 
noted that the diagnostic significance of WEC should be interpreted in relation to 
history and management of the flock and supported by clinical findings such as 
diarrhoea, ill thrift and anaemia. The nematode species present will also impact 
interpretation of the WEC .(Gordon 1981) 
3.1.2  Larval differentiation 
Differentiation of larvae cultured from strongyle eggs were performed by 
Animal Health Laboratories, Department of Agriculture (Albany, Western Australia) 
to identify the species of strongyle parasites present and the proportion of eggs from 
each strongyle genera (Animal Health Laboratories 2005a). The techniques used for 
faecal culture and identification of nematode larvae were based on those described in 
Australian Standard Diagnostic Techniques for Animal Diseases Manual (Lyndal-
Murphy 1993). 
For pooled (flock) samples, equal amounts (3-5g) from each sample were 
placed in a culture bottle to make a 30g sample and combined with 20ml water 
before mixing with 5g of medium grade (number three) vermiculite to give a 
crumbly mixture. A lid was placed on the bottle and it was incubated at 27
oC for 
seven days. After incubation, the culture was exposed to light for one hour then the 
culture bottle filled with water (30
oC), inverted in a glass Petri dish and the “moat” 
filled with water. The culture bottle was left inverted for 3-8 hours to allow larvae to 
collect in the moat. The liquid and larvae were then pipetted into a centrifuge tube  
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and allowed to sediment out before carefully removing some of the supernatant with 
a pipette. Parasitological iodine was added to kill the larvae which were then 
identified under a microscope. One hundred larvae (or as many as seen if less than 
100) were differentiated into species and the results were expressed as a percentage 
(%) for each species. 
3.1.3  Total worm count 
Sheep were euthanased and the abomasum was tied off from the duodenum at 
the pyloric junction as soon as possible using twine or a cable tie. The abomasum 
was opened along the greater curvature and the contents collected. The mucosa was 
thoroughly washed with water and the surface scraped gently with a gloved hand to 
remove adhering worms. The washings were then combined with the contents. The 
abomasum was stored in an airtight plastic bag. The contents and the abomasum 
were stored at 2
oC unless there was a delay of more than 48 hours until counting, in 
which case the washings and contents were formalised (5% formalin final 
concentration) and the abomasum frozen at -20
oC. 
At least 5m of the proximal small intestine was tied off and removed. The 
contents were removed by squeezing out the contents between the thumb and 
forefinger. The lumen was then opened with blunt scissors and the mucosa was 
scraped by running the gut between the handles of the scissors. The enteric mucosa 
was washed thoroughly with water and the washings collected, combined with the 
intestinal contents and preserved in the same way as the abomasum. 
The caecum and large intestine were opened, washed and examined carefully 
for parasites. Estimates of large intestinal burdens were made by counting the worms 
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Laboratory processing of the total worm counts (TWC) of gastrointestinal 
nematodes were performed by Animal Health Laboratories, Department of 
Agriculture (Albany, Western Australia). The method used (Animal Health 
Laboratories 2005d) was based on that described in Australian Standard Diagnostic 
Techniques for Animal Diseases manual (Lyndal-Murphy 1993). 
Digestion of abomasal tissue was performed to recover immature nematodes. 
The abomasal tissue was placed in a jar with digest liquid at a rate of 1L digest liquid 
per 500g tissue and incubated at 40
oC for 2–4 hours. The digest liquid consisted of 
diluted hydrochloric acid (36%) 1/60 with water and 8.3g of pepsin (1:25000, Sigma 
Cat P-7125) for each 1L of solution. 
The contents, washings and digest material were filtered through a 45m 
mesh sieve and the contents were backwashed and diluted to 1L. with tap water. 
Detergent (Comprox™, BP Australia) was added to the wash to assist in dissolving 
fat. The contents were mixed thoroughly and a 10ml aliquot was taken, stained with 
parasitological iodine and decolourised with 20% sodium thiosulphate. The worms 
were counted and differentiated using petri dish marked with parallel lines 5mm 
apart and a dissecting microscope at 15x magnification. If less than 20 worms were 
counted or if the conversion factor was greater than 100, then an additional 10ml 
aliquot was taken. If more than 150 worms were counted, then the total volume was 
diluted to maximise the accuracy of counting and identification. 
Differentiation of early and developing fourth stage larvae  
Fourth stage larvae (L4) were described as early fourth stage larvae (EL4) or 
developing fourth stage larvae (DL4). Specifically, EL4 were undifferentiated larvae 
immediately after the third stage moult and were approximately 1.6mm in length. 
DL4 were approximately twice the size of EL4 and exhibited some differentiation (for 
example, the bursa of males) but no features enabling species differentiation were  
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evident. Differentiation of EL4 and DL4 is described in Animal Health Laboratory 
Work Instruction PAW-7.3. 
Total Pathogenic Index 
Several authors have suggested the use of a “total pathogenic index” (TPI), 
although the number of worms of each species that constitutes one point varies 
between authors (Gardiner and Craig 1961; McKenna 1981). The values used to 
calculate TPI in the studies described in this thesis were based on the values used by 
Gardiner and Craig (1961) because that study was performed under Western 
Australian conditions using Merino sheep and because these are the values currently 
used in interpreting total worm counts by the Animal Health Laboratories 
(Department of Agriculture) in Western Australia (Animal Health Laboratories 
2005d). 
The TPI used in this thesis assigns points based on the number of worms 
present. Table 3.1 outlines the number of worms of each species considered to 
represent one point. In weaner sheep, combined scores in excess of 2.0 points are 
considered harmful and scores in excess of 10.0 points are considered in the “lethal” 
range (Gardiner and Craig 1961). The associations between TPI combined score and 
pathogenicity are less well described in adult sheep, however combined scores in 
excess of 5.0 points are considered harmful for mature sheep in Western Australia 
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Table 3.1: Number of worms considered to represent one point for interpretation of 
total worm count using a total pathogenic index (Gardiner and Craig 1961) 
Worm Species  Total worms 
Teladorsagia (Ostertagia)  3,000 
Haemonchus  500 
Trichostrongylus  4,000 
Nematodirus  3,000 
Cooperia  10,000 
Chabertia  100 
Oesophagostomum  100 
Trichuris  300 
Strongyloides  4,000 
Immature (all spp)  4,000 
 
3.1.4  Pasture larval counts 
Pasture from the paddock(s) being grazed by the sheep was collected from 
200 sites at roughly equal distances along a “W”-shaped transect using a method 
modified from Taylor (1939). Four “plucks” of pasture were collected at each site 
from in front, behind, left and right of the sampler. Where possible, “plucks” did not 
include roots or soil and pasture in the immediate vicinity of dung piles was avoided. 
Pasture was kept in a plastic or paper bag and was stored in a fridge at 2
oC until 
processed. 
Pasture larval counts were performed by Animal Health Laboratories, 
Department of Agriculture (Albany, Western Australia) using the method described 
in the Animal Health Laboratory Parasitology Laboratory Research Methods 
(Animal Health Laboratories 2005c). The technique used was a modified method 
based on that of Martin and Beveridge et al (1990). This method detects all three 
larval stages of parasitic gastrointestinal nematodes, however it is difficult to  
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differentiate the stage one and two free living forms (L1 and L2) from other free-
living non-parasitic nematodes. 
Larvae were washed off the pasture and allowed to settle in large bins. The 
sediment was collected and concentrated using further sedimentation steps until a 
volume of at least one part sediment to one part liquid was obtained. This was 
followed by a number floatation/centrifugation steps using saturated potassium 
iodide solution (KI:water, 1:1) as a floatation medium. The supernatant was filtered 
to remove the potassium iodide and resuspended in water. Following further 
centrifugation and resuspension of the sediment in saturated potassium iodide 
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3.2  DAG SCORES 
The extent of faecal soiling was assessed subjectively using a dag score (DS). 
Dag scores were made on a scale of 0 to 5 and were based on the criteria outlined in 
Table 3.2 and shown graphically in Figure 3.1. 
 
Figure 3.1: Graphical representation of dag score (Larsen et al. 1994). 
 
Top row (absent or mild dag): left = dag score 0; right = dag score 1 
Middle row (moderate dag): left = dag score 2; right = dag score 3 
Bottom row (severe dag): left = dag score 4; right = dag score 5 
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Table 3.2: Criteria used in assessment of dag score 
Dag score  Description 
0  No evidence of faecal soiling 
1  Minimal dag in the breech area 
2  Moderate dag in the breech area extending ventrally 
 3 
Severe dag predominantly in the breech area, extending 
ventrally and dorsally over the tail 
4  Severe dag in the breech area and on the hind legs 
5 
Very severe dags in the breech area and on the hind legs to 
or below the level of the hocks 
 
 
A modified dag score was used for sheep that had been recently crutched (in 
the previous four weeks). This used a scale of 0 to 3, with score 0 representing no 
evidence of faecal soiling since crutching, score 1 representing evidence of mild 
faecal soiling since crutching, score 2 representing evidence of moderate faecal 
soiling since crutching and score 3 representing extensive evidence of severe faecal 
soiling since crutching. The severity of faecal soiling since crutching was assessed 
by the extent of fresh faecal material in the freshly shorn breech area.  
3.3  FAECAL CONSISTENCY MEASUREMENTS 
3.3.1  Dry matter content of faeces 
Between one and five grams of faeces was weighed and placed on a plastic 
tray with a known weight. The tray and sample were dried in a hot air oven for at 
least 96 hours at 65
oC. To ensure complete drying, several samples from each batch 
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which time the weight was recorded again and the dry matter percentage (DM%) was 
calculated according to the formula: 
Dry matter (DM %) =
weight of tray+dry sample   weight of tray  
weight of tray +wet sample   weight of tray 
100 
3.3.2  Faecal consistency score 
Faecal consistency score (FCS) was measured using on a scale of 1 to 5. The 
description for each faecal consistency score are outlined in Table 3.3 
 
Table 3.3: Criteria used in assessment of faecal consistency score 
Faecal score  Description 
1  hard pellet, dry to touch, “cracks” readily under firm pressure 
between finger and thumb 
2  soft pellet, moist to touch, less tendency to “crack” under firm 
pressure between finger and thumb 
3  soft faeces, loss of pellet structure, firm paste, tube-like 
appearance 
4  pasty diarrhoea, soft paste 
5  watery, liquid diarrhoea 
 
3.4  DIGESTA AND FAECAL VISCOSITY 
3.4.1  Definition of Viscosity 
Viscosity can be defined as resistance to flow or the physical property of a 
substance that is dependent on the friction of its component molecules as they slide  
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by one another (Blood and Studdert 1988). Specifically, viscosity refers to the 
internal friction of a fluid. 
The internal friction of a fluid is represented by a measure of the rate at 
which horizontal displacement occurs relative to a specified surface and is expressed 
as shear rate per unit of time (sec
-1). Shear stress is lateral deformation or a 
movement of pressure and is measured in Pascals (Pa). The basic Metric unit of 
viscosity measurement is the “poise” with a substance requiring a shear stress of one 
dyne per second to produce a shear rate of one reciprocal second having a viscosity 
of one poise (or 100 centipoise). The alternative International System measurement 
unit of viscosity is the Pascal-second (Pas) which is the equivalent of 10 poise or the 
milli-Pascal-second (mPas) which is equivalent to one centipoise (cps). 
Mathematically viscosity is defined as the interaction between shear stress 
and shear rate where viscosity () = shear stress () / shear rate ().  
3.4.2  Viscosity measurement 
Quantification of viscosity is achieved by applying a force and measuring the 
degree of resistance. The viscosity measurements in this thesis were made using a 
cone-plate rotational viscometer (Brookfield LV DVII+, CP40) which measures the 
torque required to rotate a spindle immersed in the test substance and the deflection 
of a spring within the motor of the spindle that results from the internal friction of the 
fluid. 
Measurement of faecal and digesta viscosity were made using the method 
previously described by Hopwood (2001). Digesta samples were diluted 1:2 with 
distilled water to obtain a sufficient amount of clear supernatant for measurement. 
Where faecal pellets were present, these were broken up with a metal stirrer. The 
diluted sample was mixed thoroughly with the vortex and stored in the fridge at 2
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overnight to allow the faecal material to soften. The sample was then thoroughly 
mixed again with a vortex and centrifuged at 8000rpm for 15 minutes. Following 
centrifugation, 1.5ml of the supernatant was placed into an Eppendorf tube and 
centrifuged again at 12 000 rpm for eight minutes (Sigma Benchtop Centrifuge 1-15, 
Quantum Scientific Pty. Ltd.). The sample was kept on ice until 0.5ml of the 
supernatant was removed, placed in the cone plate and the viscosity measured at 12 
rpm using the cone plate viscometer. 
The apparent viscosity value was taken immediately after the reading 
stabilised with a maximum time of 60 seconds per sample. Where sufficient clear 
supernatant was available, this was repeated and the average of the two readings was 
used for analysis. The cone plate and viscometer was rinsed with distilled water and 
wiped thoroughly clean between samples. 
Measurement of viscosity of digesta 
There are several difficulties associated with the measurement of intestinal 
contents. These have been outlined in more detail by Hopwood (2001) and include 
factors affecting the sample after collection, variables within the animal and 
variables associated with the process of feeding. These factors were taken into 
account in designing the experiments described in this thesis (Chapters Seven and 
Eight) and interpretation of the results. The important features of viscosity 
measurement of intestinal contents relevant to the experiments in Chapter Seven and 
Eight are discussed in more detail below. 
Factors affecting sample viscosity ex vivo 
In the experiments described in Chapters Seven and Eight, viscosity was 
measured on the liquid portion of digesta following dilution with water and 
separation by centrifugation. A clear supernatant is necessary for reliable viscosity 
measurement with a cone-plate viscometer, including the Brookfield LV DVII+  
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model used in the experiments described in this thesis. The presence of particles in 
the supernatant results in erratic and unreliable viscosity measurements. Most other 
studies in rats, poultry and pigs utilise measurement of the viscosity of the 
supernatant with relatively few studies measuring the viscosity of whole digesta 
(Hopwood 2001). 
Solid particles in digesta play an important role in determining viscosity, 
particularly in the large intestine where there is comparatively less fluid relative to 
solid particles (Morris 1992; McRorie et al. 2000). In the proximal small intestine, 
the degree of viscosity is more likely to be driven by components of the liquid 
fraction of the contents because of the larger relative water content. The removal of 
solid particles means that the apparent viscosity of the supernatant is only an 
estimate of whole digesta viscosity to be used for the purposes of comparison 
between diets, rather than an absolute quantification of whole digesta viscosity 
(Hopwood 2001). 
 The shear rate at which intestinal viscosity is recorded can affect accuracy of 
measurement. Hopwood (2001) showed that diets and digesta containing 
carboxymethylcellulose (CMC) displayed shear-thinning behaviour and that dilution 
of all samples at the same ratio (1:2) with distilled water allowed measurements of 
all samples to be made at the same shear rate of 60s
-1. As well as allowing all 
samples to be measured at the same shear rate, dilution of samples was shown to be 
beneficial in that it allows sufficient supernatant to be obtained from relatively dry 
intestinal content samples (such as faeces and large intestinal contents). The 
intestinal contents of sheep, particularly samples collected distal to the caecum, were 
found to be relatively dry compared with intestinal contents of pigs and showed an 
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provided sufficient clear supernatant for two 0.5ml samples to be measured in the 
cone plate viscometer. 
However, Hopwood (2001) also showed that dilution of intestinal contents 
with water resulted in a comparatively greater reduction in the viscosity of the 
digesta of pigs fed diets containing CMC relative to those fed the control diet. It was 
hypothesised that this was because digesta containing CMC showed behaviour 
consistent with a weak gel. As a result, dilution ex vivo underestimated the apparent 
viscosity of samples containing CMC, although diluted solutions containing CMC 
remained higher than those without CMC at all shear rates. Therefore dilution of 
digesta samples may have resulted in underestimation of apparent viscosity in the 
sheep fed CMC in the experiments in this thesis. 
Other studies have used dilution of intestinal contents to measure viscosity 
(Topping et al. 1988; Ikegami et al. 1990; Cameron-Smith et al. 1994; McDonald et 
al. 2001; Phillips et al. 2004a, 2004b) and Cameron-Smith (1994) showed that 
dilution 1:1 with tap water did not result in any difference in magnitude of viscosity 
of samples containing guar gum and methylcellulose. 
Factors affecting digesta viscosity in vivo 
Digesta dry matter content should be considered when comparing 
measurement of intestinal viscosity. Digesta has a liquid and a solid component. 
Viscous sNSP in the fluid component of digesta exerts more viscosity than solid 
particles dispersed in a dilute solution (Morris 1992), but as dry matter content 
increases, solid particles cause a relatively greater increase in viscosity as the volume 
occupied by particles increases. Therefore in sections of the gastrointestinal tract 
where there is lower water content (such as the large intestine), viscosity increases 
considerably with small increases in dry matter (McRorie et al. 1998; McRorie et al. 
2000).  
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The in vivo viscosity of a compound that is very viscous in vitro may be 
difficult to predict because digesta is diluted by intestinal secretions (Morris 1992; 
Ellis et al. 1995). Dilution of contents by intestinal secretions acts to decrease digesta 
viscosity. Also, the addition of viscous compounds to a diet (such as CMC) may 
increase the water content of the digesta, further diluting the viscosity. 
Fermentation within the intestine (Cameron-Smith et al. 1994) and rate of 
passage (Gallaher et al. 1993) may also influence the viscosity of digesta. 
Factors influencing digesta viscosity associated with feeding practices 
Factors that influence measurement of digesta viscosity that are associated 
with the feeding process include dietary composition, extent of NSP hydration and 
time of measurement relative to feeding. Composition of non-NSP components of 
the diet, such as starch, can also potentially influence viscosity (Rainbird 1986; 
Rainbird and Low 1986). 
In monogastrics, viscosity of digesta changes with time post-prandially. 
Studies in pigs suggested that it is preferable to specify a post-prandial time of 
viscosity measurement or to record the time measured post-feeding. Work in pigs 
showed that viscosity of gastric digesta was highest 30-60 minutes post-feeding for 
CMC (Rainbird and Low 1986). In the studies described in the thesis, diets were fed 
ad libitum as the factors that control the rate passage of digesta through the rumen 
are complex and somewhat different to the factors that control the rate of gastric 
emptying in monogastrics. 
3.5  GLUTATHIONE PEROXIDASE 
Red blood cell glutathione peroxidase was measured as an indicator of 
selenium status. Approximately 10ml of blood was collected from the jugular vein 
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fridge (2-4
oC) and sent to the laboratory inside a sealed foam Esky with an ice brick. 
The glutathione peroxidase assay was performed by the Animal Heath Laboratories 
(Department of Agriculture, South Perth, Western Australia). The method used was 
based on that previously described in the Australian Standard Diagnostic Techniques 
for Animal Diseases Manual (Paynter et al. 1985). 
3.6  VOLATILE FATTY ACIDS 
The volatile fatty acid (VFA) concentration in digesta was measured using 
gas chromatography at the Animal Health Laboratory, Department of Agriculture 
(South Perth, Western Australia). The technique used was a modified method based 
on that described by Pethick et al (1981) for VFA analysis.  
Sheep were taken off feed, euthanased and samples for VFA measurement 
collected within five hours of feed withdrawal. Digesta samples from the rumen, 
ileum, caecum, proximal and distal large intestine were collected and frozen at 
20
oC. Samples were thawed to 4
oC and diluted 1:1 (ruminal and small intestinal 
digesta) or 1:2 (caecal and large intestinal digesta) with 3.3M phosphoric acid, mixed 
for 60 seconds with a vortex for 60 seconds, centrifuged and 0.1ml of supernatant 
was added to 1.0ml of an internal standard solution containing valeric acid before 
being analysed with a capillary gas chromatograph (Agilent 6890 Series Gas 
Chromatograph with Hewlett Packard 6890 injector and Chemstation software, 
Agilent Technologies, Forest Hill, Victoria, Australia with Hewlett Packard-FFAP 
capillary column (30m x 0.53mm internal diameter x 1.0 micron phase), Hewlett 
Packard Part No. 199095F-123). 
A working standard containing acetic acid (60mM), proprionic acid (20mM), 
isobutyric acid (6.67mM), butyric acid (20mM), isovaleric acid (10mM), valeric acid 
(10mM), caproic acid (4mM) and a control (distilled water) were included in each  
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assay run. VFA concentration was calculated from the area of the peaks using the 
Hewlett Packard Chemstation. 
The total VFA concentration for each gastrointestinal section was calculated 
as the sum of acetate, proprionate, isobutyrate, butyrate, isovalerate and caproate 
multiplied by the dry matter weight of digesta in that section. The mean VFA for the 
proximal and distal large intestine were used and multiplied by the weight of the total 
large intestinal contents. 
3.7  PH MEASUREMENTS 
Digesta samples were stored at 4
oC after collection and pH was measured 
with an Orion 250A pH meter with a glass body probe coupled with a temperature 
probe (Orion Research Inc., Boston, Masset., USA). 
3.8  DRY MATTER CONTENT OF DIET 
Diets were analysed for dry matter (DM) content to calculate daily dry matter 
intake (DMI) and calculate the weight of grain and CMC that was to be mixed with 
the diet to give a consistent inclusion rate on a DM basis. A representative sample of 
the diet was taken and placed in a foil tray. The tray and sample were dried in a hot 
air oven for at least 48 hours at 65
oC. To ensure complete drying, samples from each 
batch were monitored until their weight was consistent for two consecutive 
weighings at which time the final dried weight was recorded. The dry matter 
percentage (DM%) was calculated according to the same formula used to calculate 
dry matter content of faeces (Chapter 3.3.1) . 
Where DM content of different feed batches was variable, such as the round 
bales of wrapped pasture silage and the fresh lucerne, random representative samples 
were collected over several days of the duration of feeding and the average dry 
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3.9  NSP ANALYSIS OF PASTURES 
Pasture samples collected for non-starch polysaccharide (NSP) analysis were 
placed an airtight plastic bag and frozen at -20
oC as soon as possible after collection. 
The samples were then freeze dried at the Chemistry Centre (East Perth, Western 
Australia). The freeze dried samples were stored in an airtight container. 
NSP analysis was performed by the Nutrition Laboratory in the Department 
of Animal Science, University of New England (Armidale, Australia) using the 
method described by Englyst and Hudson (1993) and Theander and Westerlund 
(1993). 
3.10 ANIMAL HOUSE 
For the experiments Chapters Seven and Eight, sheep were housed in the 
Murdoch University Animal House in raised individual pens. Water was provided ad 
libitum through nipple drinkers. Feed was provided ad libitum in individual feed bins 
with a storage hopper attached and suspended from the front gate. The animal house 
pens are shown in Figure 3.2. 
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Figure 3.2: Murdoch University Animal House – individual sheep pens 
(Photo credit – Robin Jacob, Department of Agriculture Western Australia) 
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CHAPTER 4:  SURVEY OF DAG ON SHEEP FARMS IN THE 
SOUTH WEST OF WESTERN AUSTRALIA 
4.1  BACKGROUND 
Diarrhoea (scouring) in sheep has important consequences for both sheep 
meat and wool enterprises in Western Australia. However, the proportion of farms 
affected, the distribution of scouring and dag in different age and gender classes of 
sheep and risk factors associated with scouring and dag have not been well described 
in the scientific literature. 
This chapter describes a questionnaire survey that was mailed out to sheep 
producers in the south west of Western Australia. This survey was used to describe 
some epidemiological features associated with dag in sheep throughout the region 
and identify risk factors associated with dag This survey also provided an 
opportunity to examine the typical methods of parasite control being used in the 
“sheep belt” of Western Australia which is the region where the highest density of 
sheep occurs.  
4.1.1  Aims and hypotheses 
The aims of this mail survey were to: 
1.  Define the problem of scouring and dag in the south west agricultural region 
of Western Australia 
2.  Identify risk factors that may be associated with severe dag 
3.  Define the typical methods of parasite control used in the south west 
agricultural region of Western Australia  
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The hypotheses addressed by this questionnaire survey were that: 
1.  Dag is common and widespread throughout the sheep growing region of 
Western Australia 
2.  Severe dag is more common in young sheep (lambs and hoggets) and ewes 
subject to the peri-parturient relaxation of resistance, whereas severe dag is 
less common in dry adult sheep 
3.  Dag is more common in areas with higher rainfall and longer growing 
seasons 
4.  The severity of dag is related to parasite control practices in young sheep 
but not in adult sheep 
4.2  MATERIALS AND METHODS 
4.2.1  The Survey 
A written questionnaire (Appendix One) was mailed to 484 sheep producers 
throughout the south west of the agricultural region of Western Australia. 
Questionnaires were posted out in August and September 2002. The addresses of 
sheep producers were obtained from the client databases of two large regional 
agricultural merchandise suppliers (CRT Kojonup and Wesfarmers-Landmark 
Dowerin, Western Australia), a sheep production consultant (Dr Kevin Bell, Sheep 
Management and Production Consultants, North Fremantle, Western Australia) and a 
Merino breeding society (Merinotech, Western Australia). A further 25 surveys were 
handed out at an agricultural field day in Dowerin in August 2002. There were 
several articles promoting the project in the Western Australian rural press (Farm 
Weekly, Rural Press Ltd.).  
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A postage-paid return-addressed enveloped was included with the 
questionnaire. No written or telephone follow-up was made to increase reply rate, 
although a small raffle prize draw was offered as an incentive for surveys to be 
returned by a given date and 12 randomly selected winners were each sent a bottle of 
wine. 
Where producers ran sheep on more than one property, respondents were 
asked to reply for only the property with the most sheep in 2001. 
4.2.2  Calculation of dag grade 
The survey asked respondents to describe the proportion of sheep in each age 
or sex “class” that were affected by each grade of dag severity. Each class included a 
description where necessary to reduce confusion. The “classes” used were: 
“lambs/weaners” (white tag, 2001 born), “hoggets” (black tag, 2000 born), 
“wet/mated ewes”, “dry/unmated ewes”, “rams” and “wethers”. 
A written description of the four “grades” of dag severity was also included 
in the questionnaire. These descriptions were “absent” – no evidence of dag, “mild” 
– light soiling around the tail, “moderate” – dag extending down the breech, heavier 
soiling around the tail, and “severe” – heavy soiling down the breech and legs. 
Where respondents gave a percentage of sheep affected by each dag grade in 
the various classes, an “average dag grade” was calculated. The “average dag grade” 
was calculated by assigning each dag severity a score between zero and three and 
then multiplying out the proportion of sheep with each dag severity (ie 30% absent, 
30% mild, 20% moderate, 20% severe = (0.3 x 0)+(0.3 x 1)+(0.2 x 2)+(0.2 x 3) = 
mean score 1.1). The result for average dag grade was then rounded to nearest whole 
number. Some respondents replied with only a single score for each sheep class for  
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each season. In these cases, the respondents’ nominated severity was converted to a 
single score using the same system. 
A simplified system for grading dag severity was developed to reduce the 
potential for confusion of the respondents. The grades of dag severity used in this 
survey were slightly different to the dag scoring system outlined in the Materials and 
Methods (Chapter 3.2) and that was used in the on-farm investigation of scouring 
(Chapter Six). The main differences were that the dag description grades used in this 
survey were more “descriptive” (whereby a descriptive name was used instead of a 
number) and that the scoring system used in this survey used four dag severity 
categories (absent, mild, moderate and severe) as opposed to the six categories (0 to 
5) used in the dag scoring system described in Chapter 3.2.  
4.2.3  Agzones 
Farms were categorised using the “Agzone” in which they were located. The 
boundaries of the Agzones are shown in Figure 4.1. “Agzones” were developed 
through the statistical analysis of crop performance and categorise the farming 
regions within the agricultural region of Western Australia, taking into account both 
average rainfall and length of growing season (Anon. 2005). The six Agzones are an 
amalgamation of traditional “region cell zones” that are also shown in Figure 4.1. 
The region cell zones were coded “high 1” (H1) to “low 5” (L5). The codes refer to 
the length of growing season zones from north to south (numbered 1-5) and average 
rainfall of the regions (very high, high, medium and low which are abbreviated to 
VH, H, M and L respectively), basically moving from west to east (Anon. 2005). 
Some cells are also subdivided into central (C), west (W) and east (E). Generally, 
moving north tends to shorten the length of the growing season and moving east 
tends to reduce the annual rainfall.   
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Figure 4.1: “Agzone” boundaries of the agricultural region of Western Australia 
(Anon. 2005) 
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4.2.4  Parasite control 
A “summer” drench (anthelmintic treatment) was defined as a treatment 
given to sheep in the months from November until March. A drench given in these 
months was described as a “summer drench” because during these months, the 
environmental conditions were generally unfavourable for larval survival on the 
majority of respondents’ properties (Besier 2002). A “winter drench” was a treatment 
given in the months from April until October. 
4.2.5  Analysis of data 
Analyses of data were performed using SPSS 11.0.2 for Macintosh OS X 
(Statistical Package for the Social Sciences, SPSS inc, Chicago, IL, USA). 
Continuous data were analysed for equality of variances using Levene’s test 
of the equality of error variances. Where the variances were not significantly 
different, univariate analysis of variance (ANOVA) was performed. Where the 
variances were significantly different, non-parametric tests were used. 
Categorical data was analysed using a Chi-square test, specifically Pearson 
Chi-square two-sided test for significance, except where there was a cell with a count 
less than five in which case Fisher’s exact test (two-sided significance) was used. 
Risk and odds ratios were calculated for categorical data. 
The proportion of farms that responded as  “usually” or “always” using WEC 
to make decisions about drenching was and that utilised drench resistance testing 
were categorised by annual rainfall in categories of 50mm starting at 290mm per 
annum and the highest rainfall category being >790mm/anum. The proportion using 
each test was then analysed using regression to show the effect of rainfall on the 
proportion of respondents utilising each test.  
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4.3  RESULTS 
4.3.1  Farm descriptors 
Of the 484 surveys that were sent out, 138 relies were received giving a reply 
rate of 28.5%. Of these, two respondents did not carry sheep in 2001 and another 
respondent had agisted 22,500 sheep in 2001 and was unsure about some aspects of 
the management of the agisted sheep, especially prior to their arrival on his property. 
Agzone 
The survey responses received were categorised by the Agzone region in 
which the property described was located and the results are shown in Table 4.1. 
Most of the replies came from producers with properties in Agzone 3 (south west) 
and to a lesser extent Agzone 2 (central). 
 
Table 4.1: Distribution of survey replies by Agzone
* in which respondents’ 
properties were located 
Agzone Replies 
Number Name  Number  (N)  Percent replies (%) 
1 North  West  0  0 
2 Central  25 18.4 
3 South  West  108  79.4 
4  North East and Central  1  0.7 
5 Lakes/Mallee  1  0.7 
6 South  Coast  1  0.7 
 TOTAL  136  100 
 
*Agzone boundaries are shown in Figure 4.1 
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Farm factors 
A summary of features that describe the properties of the respondents is 
shown in Table 4.2. The properties described by the respondents had an average 
annual rainfall of approximately 480mm and the average property size was 
approximately 1500 hectares of which an average of 70% was grazed in 2001. The 
respondents received an average of 63% of their farm income from sheep-based 
enterprises (excluding agistment). 
 
Table 4.2: Descriptors of the farm business of survey respondents 
  Mean  SE  Range N 
Property Descriptors      
Rainfall (mm per annum)  4828  300-787 134 
Cleared area of property (Ha)  149979  190-6478 136 
Portion of property grazed (%)  692  17-100 135 
Income (% of total farm income)      
Sheep  63.22.0  0-100* 126 
Grain crops
a  31.92.0  0-95 127 
Other crops
b  0.60.4  0-50 126 
Other livestock
c  3.80.9  0-70 124 
Agistment  0.90.8  0-99 126 
Other  0.080.05  0-5 126 
 
SE: Standard error 
N: number of valid responses 
a Including cereal/legume grains and oil seed crops 
b Responses included hay, trees and vines 
c Responses included cattle, pigs, deer 
* Respondent with zero income from sheep made 99% of income from agisting sheep 
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Sheep enterprises 
The characteristics of the sheep enterprises on the properties described by 
survey respondents are outlined in Table 4.3. The respondents to the survey ran a 
total of 1 050 000 sheep with an average of approximately 7700 sheep per property 
as of 31
st December, 2001. Wool represented the dominant source of income from 
sheep. Approximately 27 (21%) of 126 respondents received more than 20% of farm 
income from prime lambs. 
 
Table 4.3: Characteristics of the sheep enterprises on the properties described by 
survey respondents that provided a valid response 
  Mean  SE  Range N 
Number of sheep per property      
Total  7721521  1070-49500  136 
Ewes  3223216  50-19000  133 
Wethers  72275  0-3500  130 
Hoggets  1475141  0-14000  124 
Lambs  2322170  0-16000  132 
Rams  12529  0-3500  125 
      
Sheep Enterprises (%)      
Wool  73.92.1  0-100  129 
Prime lamb  11.21.8  0-100  129 
Sheep sales  11.70.9  0-51  129 
Stud  3.11.1  0-100  130 
Other  0.90.8  0-100  128 
      
Wool type      
Micron (m)  20.30.1  18.4-23.0  133 
 
SE:  standard error of the mean 
N:  number of valid responses 
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Parasite control 
The timing of anthelmintic treatments (classified by “season”) are shown in 
Table 4.4. The pattern and timing of anthelmintic drenches varied between sheep 
classes. The majority of sheep (66 to 87%) received a summer drench during the 
period covered by the survey (2001-2002). A smaller proportion (24 to 33%) of 
sheep received a winter drench. There was no statistical difference in rainfall 
(mm/annum) in the properties that did and did not give a summer drench for any of 
the sheep classes (univariate analysis of variance, p>0.100). 
 
Table 4.4: Timing of anthelmintic treatment administration 
Sheep class 
Season of anthelmintic treatment 
Summer drench
a Winter  drench
b 
Lambs  117/134 (87%)  40/130 (31%) 
Hoggets  98/127 (77%)  42/127 (33%) 
Ewes  94/133 (77%)  36/133 (27%) 
Wethers  60/91 (66%)  28/91 (31%) 
Rams  95/133 (71%)  32/133 (24%) 
 
a “Summer drench”: a drench given in the months from November to March 
b “Winter drench”: a drench given in the months April to October 
 
The anthelmintic drugs used by survey respondents are outlined in Table 4.5. 
Over all properties, an average of 1.4 drugs per property was used during the period 
covered by the survey (2001-2002). On 50 properties more than one type of 
anthelmintic drug was used during the survey period. “Alternative treatments” given 
to sheep on four properties and included “minerals”, Maximin™ (Virbac, Australia) 
and apple cider vinegar. 
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Table 4.5: Anthelmintic drugs used on the 133 properties of respondents that 
provided a valid responses for the anthelmintic treatment question 
Drench Group  Active ingredient(s)  N (% properties) 
ML Abamectin  &  Moxidectin
* 66  (49.6%) 
Ivermectin 52  (39.1%) 
Combinations BZ+LV  30  (22.6%) 
OP+BZ/LV 15  (11.3%) 
ML+BZ/LV 1  (0.7%) 
BZ Benzimidazoles  16  (12.0%) 
LV Levamisole  5  (3.8%) 
Closantel Closantel  0 
Alternative drenches  Minerals & apple cider vinegar  4 (3.0%) 
None   3  (2.3%) 
TOTAL  192 (1.44 drench types/farm)
 
N: Number  of  properties/responses 
ML:   Macrocyclic lactone 
BZ:   Benzimidazoles 
LV:   Levamisole 
OP:   Organophosphate (Naphthalophos) 
Combinations: two or more drugs administered concurrently 
* Abamectin and moxidectin treatments are shown together because of comparable levels of 
anthelmintic resistance to these compounds in Western Australia at the time of the survey (2002-
2003); specifically resistance had not been confirmed to either compound  
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Advice 
The source(s) of advice given to respondents on timing of anthelmintic 
treatments and selection of anthelmintic drugs are shown in Table 4.6. There were 
134 valid responses to this question. Approximately one third of respondents did not 
receive any advice on the timing or type of anthelmintic treatment. Consultants and 
private veterinarians were the most common source of advice. Producers often 
received advice from more than one source, with an average of 1.3 sources of advice 
for the timing of anthelmintic treatment and 1.2 sources for the anthelmintic drug 
used. “Other” sources of advice included “stud breeder”, “son” and “relative 
studying vet science”.  
 
 
Table 4.6: Source of advice on the timing of anthelmintic treatment and the 
anthelmintic used on the 134 properties that provided a valid response to the question 
Anthelmintic 
treatment 
“decision” 
Source of advice 
Vet
a Consultant  DAWA
b 
Sales 
person 
None Other 
Time of drench 
30 
(22.4%) 
63  
(47.0%) 
28 
(20.9%) 
11 
(8.3%) 
41 
(30.6%) 
5 
(3.7%) 
Drench used 
31 
(23.1%) 
54  
(40.3%) 
18 
(13.4%) 
11 
(8.2%) 
44 
(32.8%) 
4 
(3.0%) 
 
aVet: Private practice veterinarian 
bDAWA: Department of Agriculture Western Australia 
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Drench resistance test 
Of the 134 respondents that answered the question, 92 (68.7%) respondents 
had done a drench resistance test on their property. Of the 89 respondents that 
answered when the most recent drench resistance test had been conducted, 81 (91%) 
had done a drench resistance test in the five years prior to 2002 (1998-2002), 6 (7%) 
had last done a drench resistance test more than five years previously (before 1998) 
and 2 (2%) could not remember when the most recent drench resistance test was 
performed. 
Respondents that utilised drench resistance testing had higher annual rainfall 
than respondents that did not utilise drench resistance testing (p<0.001).  The 
proportion of farms that utilised drench resistance testing was regressed against 
rainfall category. The regression equation for respondents that used drench resistance 
testing (R
2=0.673) was: 
   proportion of respondents using drench resistance testing = 0.0016 rainfall (mm/annum)-0.2582
 
This represents a 16% increase in the proportion of farms using drench 
resistance testing for every 100mm increase in annual rainfall. 
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Faecal Worm Egg Counts 
The responses for the frequency of use of WEC are shown in Table 4.7. 
Approximately half (49.7%) of the respondents answered that they “usually” or 
“always” used WEC to make decisions about drenching sheep.  
Respondents that “usually” or “always” used WEC to make drenching 
decisions had higher annual rainfall than respondents that did not utilise drench 
resistance testing (p=0.01). The proportion of respondents that “usually” or “always” 
utilise WEC to make decisions about drenching sheep was regressed against rainfall 
category. The regression equation for proportion of respondents that “usually” or 
“always” used WEC (R
2=0.3126) was: 
   proportion of farms usually or always using WEC = 0.0008rainfall (mm/annum) +0.029 
This represents an 8% increase in the proportion of farms “usually” or 
“always” utilising WEC for every 100mm increase in annual rainfall. 
 
 
Table 4.7: Frequency of usage of faecal worm egg counts (WEC) to make 
anthelmintic treatment decisions 
Use of WEC to make anthelmintic treatment decisions  Total valid 
responses (N)  Never Occasionally  Usually  Always 
26 (19.3%)  42 (31.1%)  43 (31.9%)  24 (17.8%)  135 
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Introduced sheep and quarantine drenching 
There were 134 valid responses to the question regarding the introduction of 
new sheep of which 87 (65%) respondents had introduced new sheep to the property 
described and 47 (35%) had not introduced new sheep in 2001. The average number 
of new sheep introduced to respondents’ properties in 2001 was 370184 (number of 
introduced sheep  standard error) with a range of 0 to 22 500 new sheep. Of the 87 
respondents that had introduced new sheep, 85 provided information on the number 
of introduced sheep with 58 (68%) respondents introducing 50 or less sheep and 27 
(32%) respondents introducing more that 50 sheep (range 127 – 22 500 new sheep). 
“Quarantine drenching” referred specifically to an anthelmintic drench given 
to new sheep with the intention of preventing the introduction of new worms to the 
property. Of the 86 valid responses to the question about “quarantine drenching” 
introduced sheep, 47 (55%) respondents did not “quarantine drench” new sheep, 37 
(43%) respondents gave introduced sheep a “quarantine drench” and 2 (2%) 
respondents said that a “quarantine drench” was given before sheep arrived at the 
property (ie was “given by someone else”). 
The drenches used as a “quarantine drench” are outlined in Table 4.8. Of the 
37 respondents that gave a quarantine drench, 13 (35%) respondents used ivermectin, 
6 (17%) respondents used LV or BZ+LV combination and 1 (3%) respondents used 
an alternative drench.  
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Table 4.8: “Quarantine drenches” administered to introduced sheep in 2001 
Drench Used  Active ingredient  N (%) 
ML Ivermectin  13  (35.1%) 
Moxidectin or Abamectin
* 12  (32.4%) 
Combinations BZ+LV  5  (13.5%) 
OP+BZ/LV 1  (2.7%) 
ML+BZ/LV 3  (8.1%) 
LV LV  1  (2.7%) 
BZ BZ  0 
Alternative   Maximin™ (minerals)  1 (2.7%) 
Can’t remember    1 (2.7%) 
Total (N)    37 
 
N:  Number (or count) of valid responses 
ML:   Macrocyclic lactone 
BZ:   Benzimidazoles 
LV:   Levamisole 
OP:   Organophosphate (Naphthalophos) 
Combinations: two or more drugs administered concurrently. 
* Abamectin and Moxidectin treatments are shown together because of comparable levels of 
anthelmintic resistance to these compounds in Western Australia at the time of the survey (2001-
2002); specifically resistance had not been confirmed to either compound  
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Shearing and crutching 
All sheep on the property were shorn at the same time by 70 (51.5%) of 136 
respondents and 66 (48.5%) respondents had a “split shearing” whereby flocks were 
shorn at different times of the year. 
The season in which sheep were shorn is shown in Table 4.9. Spring was the 
most common season of crutching for all classes of sheep. Summer was the most 
common season of shearing of all classes of sheep. 
 
Table 4.9: Number of responses shearing and crutching in each season 
Sheep 
class 
Shearing (season)  Crutching (season) 
Su A W Sp 
Total 
(N) 
Su A W Sp 
Total 
(N) 
Lambs 44  32 4 37  110  13 18  5  39 71 
Hoggets  55 27 14 36  121  9 30  21  66  103 
Ewes  66 33 13 32  129  10 38 15 82  131 
Wethers  42 14 11 24 85  5 28  16  48  95 
Rams  20 5  5 16  43  0 13 8 24  45 
 
Su:   Summer (December, January, February) 
A:   Autumn (March, April, May) 
W:  Winter (June, July, August) 
Sp:  Spring (September, October, November) 
N:  Number of valid responses  
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4.3.2  Dag and scouring 
The proportion of flocks of sheep described as having evidence of scouring 
and dag are outlined in Tables 4.10 and 4.11. The majority of respondents reported 
some evidence of scouring and dag in all classes of sheep (Table 4.10) with about 
half the respondents describing flocks of all classes as having  “moderate” or 
“severe” dag at some time during the survey period (Table 4.11). 
Table 4.10: Proportion of respondents that described flocks of sheep as having 
evidence of scouring and dag (mild, moderate or severe) 
Class of sheep  N  Evidence of scouring & dag  No evidence of scouring & dag 
Lambs  133  122 (91.7%)  11 (8.3%) 
Hoggets  127  123 (96.9%)  4 (3.1%) 
Ewes  131  125 (95.4%)  6 (4.6%) 
Wethers  95  82 (86.3%)  13 (13.7%) 
Rams  128  110 (85.9%)  18 (14.1%) 
 
Table 4.11: Proportion of respondents that described flocks of sheep as having 
“moderate” or “severe” dag 
Class of sheep  N  Moderate or severe dag  Absent or mild dag 
Lambs  133  60 (45.1%)  73 (54.9%) 
Hoggets  124  64 (51.6%)  60 (48.4%) 
Ewes  131  62 (47.3%)  69 (52.7%) 
Wethers  96  30 (31.2%)  66 (68.8%) 
Rams  129  55 (42.6%)  74 (57.4%)  
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The distributions of dag severity across flocks are shown in Tables 4.12 
(lambs and hoggets), 4.13 (ewes) and 4.14 (wethers and rams). 
 
Table 4.12: Respondents’ assessment of dag in young sheep (lambs and hoggets, 
mixed sex) over the survey period (2001-2002) 
Time of year  N 
Respondent’s assessment of dag severity (% flocks) 
Absent Mild  Moderate  Severe 
Lambs (2001 drop)      
Winter 2001  112  60 (53.6%)  36 (32.1%)  15 (13.4%)  1 (0.9%) 
Spring 2001  129  61 (47.3%)  47 (36.4%)  19 (14.7%)  2 (1.6%) 
Summer 01-02  129  105 (81.4%)  21 (16.3%)  3 (2.3%)  0 
Autumn 2002  126  100 (79.4%)  19 (15.1%)  7 (5.6%)  0 
Winter 2002  127  25 (19.7%)  54 (42.5%)  34 (26.8%)  14 (11.0%) 
Hoggets (2000 drop) 
 
 
  
Winter 2001  124  43 (24.8%)  49 (39.5%)  28 (22.6%)  4 (3.2%) 
Spring 2001  125  31 (24.8%)  54 (43.2%)  32 (25.6%)  8 (6.4%) 
Summer 01-02  124  114 (91.9%)  9 (7.3%)  1 (0.8%  0 
Autumn 2002  122  104 (85.2%)  15 (12.3%)  3 (2.5%)  0 
Winter 2002  121  26 (21.5%)  53 (43.8%)  29 (24%)  13 (10.8%)  
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Table 4.12: Respondents’ assessment of dag in mated and unmated ewes over the 
survey period (2001-2002)  
Time of year  N 
Respondent’s assessment of dag severity 
Absent Mild  Moderate  Severe 
Ewes (mated)      
Winter 2001  129  44 (34.1%)  59 (45.7%)  25 (19.4%)  1 (0.8%) 
Spring 2001  130  34 (26.2%)  56 (43.1%)  32 (24.6%)  8 (6.2%) 
Summer 01-02  129  121 (93.8%)  7 (5.4%)  1 (0.8%)  0 
Autumn 2002  129  113 (87.6%)  12 (9.3%)  4 (3.1%)  0 
Winter 2002  128  35 (27.3%)  54 (42.2%)  33 (25.8%)  6 (4.7%) 
Ewes (not mated) 
 
 
  
Winter 2001  60  31 (51.7%)  24 (40.0%)  5 (8.3%)  0 
Spring 2001  62  21 (33.9%)  34 (54.8%)  5 (8.1%)  2 (3.2%) 
Summer 01-02  60  55 (91.7%)  5 (8.3%)  0  0 
Autumn 2002  57  50 (87.7%)  7 (12.3%)  0  0 
Winter 2002  57  24 (42.1%)  25 (43.9%)  8 (14.1%)  0 
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Table 4.13: Respondents’ assessment of dag in wethers and rams over the survey 
period (2001-2002)  
Time of year  N 
Respondent’s assessment of dag severity 
Absent Mild  Moderate  Severe 
Wethers      
Winter 2001  93  42 (45.2%)  42 (45.2%)  9 (9.7%)  0 
Spring 2001  94  39 (41.5%)  37 (39.4%)  14 (14.9%)  4 (4.3%) 
Summer 01-02  93  86 (92.5%)  5 (5.4%)  2 (2.2%)  0 
Autumn 2002  89  77 (86.5%)  11 (12.4%)  1 (1.1%)  0 
Winter 2002  88  27 (30.7%)  39 (44.3%)  19 (21.6%)  3 (3.4%) 
Rams        
Winter 2001  128  47 (36.7%)  46 (35.9%)  32 (25.0%)  3 (2.3%) 
Spring 2001  127  50 (39.4%)  47 (37.0%)  25 (19.7%)  5 (3.9%) 
Summer 01-02  126  119 (94.4%)  7 (5.1%)  0  0 
Autumn 2002  125  107 (85.6%)  15 (12.0%)  3 (2.4%)  0 
Winter 2002  127  42 (33.1%)  43 (33.9%)  36 (28.4%)  6 (4.7%) 
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Effect of sheep class 
The odds ratios for each class of sheep being described as affected by 
moderate or severe dag compared with the other classes of sheep are shown in Table 
4.14. The risk of each class of sheep being described as having moderate or severe 
dag compared to those described as having mild or absent dag varied between the 
different classes of sheep. 
Dry sheep (unmated ewes and wethers) were generally less likely to be 
described as affected by moderate or severe dag compared with young sheep and 
mated ewes (p<0.05). Lambs, hoggets, mated ewes and rams were significantly more 
likely to be described as having moderate or severe dag compared with unmated 
ewes (p<0.05). Lambs, hoggets and ewes were more likely to be described as having 
moderate or severe dag compared with wethers (p<0.09).  
  
   
Table 4.14: Risk (odds ratio) for moderate or severe dag in sheep grouped by class compared with different age groups 
Sheep class 
Odds ratio for moderate or severe dag (95% confidence interval) 
Comparison class (for risk of moderate or severe dag) 
Lambs Hoggets  Ewes  Dry  ewes  Wethers  Rams 
Lambs -  ns ns 
2.88 
(1.45, 5.71) 
1.64 
(0.92, 2.92)* 
ns 
Hoggets ns -  ns 
3.79 
(1.90, 7.54) 
2.16 
(1.21, 3.86) 
ns 
Ewes ns  ns - 
3.20 
(1.61, 6.34) 
1.83 
(1.03, 3.24) 
ns 
Dry ewes 
0.35 
(0.18, 0.69) 
0.26 
(0.13, 0.53) 
0.31 
(0.15, 0.62) 
- ns 
0.38 
(0.19, 0.76) 
Wethers 
0.61 
(0.24, 1.08) 
0.46 
(0.26, 0.82) 
0.55 
(0.31, 0.97) 
ns - ns 
Rams ns  ns ns 
2.64 
(1.32, 5.25) 
ns - 
 
ns: not significant (Chi-square p>0.100) 
* p=0.089 
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Season 
The proportion of each sheep class described as having moderate or severe 
dag in summer and/or autumn and winter and/or spring are shown in Table 4.15. All 
classes of sheep were significantly more likely to be described as having moderate or 
severe dag in winter and/or spring compared with summer and/or autumn (p<0.001). 
 
Table 4.15: Proportion of each sheep class described as having “moderate” or 
“severe” dag in summer and/or autumn compared with winter and/or spring (Fisher’s 
Chi-square and odds ratio risk analysis) 
Class of sheep 
Moderate or severe dag 
Risk of moderate or severe dag 
winter and/or spring compared 
with summer and/or autumn 
winter &/or 
spring 
summer &/or 
autumn 
Chi-square 
p-value 
odds ratio 
(95% confidence interval) 
Lambs 61/134 
(45.5%) 
8/129 
(6.2%) 
<0.001  12.64 (5.72, 27.91) 
Hoggets 64/126 
(50.8%) 
3/124 
(2.4%) 
<0.001  41.63 (12.57, 137.90) 
Mated ewes  62/132 
(47.0%) 
2/129 
(1.6%) 
<0.001  56.24 (13.35, 236.91) 
Unmated ewes  14/63 
(22.2%) 
0/60 
(0%) 
<0.001 n/a 
Wethers 29/95 
(30.5%) 
2/93 
(2.2%) 
<0.001  19.99 (4.61, 86.74) 
Rams 56/130 
(43.1%) 
2/127 
(1.6%) 
<0.001  47.30 (11.21, 199.52) 
 
n/a: not applicable (risk could not be calculated because no flocks in this category had evidence of 
moderate/severe dag in the summer and autumn) 
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Rainfall 
The mean annual rainfall for respondents’ properties classified by the 
respondents’ worst dag severity in each sheep class throughout the survey period are 
shown in Table 4.16. Respondents with lambs, hoggets and rams that were described 
as having moderate or severe dag were from properties that had a higher mean 
annual rainfall compared with those described as having absent or mild dag in the 
same class of sheep (p≤0.002). There was no significant difference in the mean 
annual rainfall of respondents with ewes (mated or dry) or wethers described as 
having moderate or severe dag compared to those described as having absent or mild 
dag. 
 
Table 4.16: Univariate analysis of variance of mean annual rainfall of respondents’ 
properties with different dag severity in sheep 
Sheep class  N 
Mean rainfall (mm/annum  standard error) 
Moderate or severe dag  Absent or mild dag  p-value 
Lambs 131  51312 45410  <0.001 
Hoggets 123  50812 45510  0.001 
Ewes 130  48512 47510  ns 
Dry ewes  62  50024 47112  ns 
Wethers 94  49321 49410  ns 
Rams 126  51212 46211  0.002 
 
ns: not statistically significant (p>0.100) 
 
  
Page 116  Chapter Four: Scouring Survey   
Agzone 
The risk associated with location of the properties classified by Agzone for 
having flocks in each class described as having moderate or severe dag during the 
survey period are outlined in Table 4.17. Lambs and rams from Agzone 3 were 
approximately four times more likely to be described as having moderate or severe 
dag than lambs and rams respectively from other Agzones (p≤0.010). There was no 
significant risk associated with being described as having moderate or severe dag in 
hoggets, ewes or wethers from Agzone 3 compared with those from the other 
Agzones. 
 
Table 4.17: Effect of the Agzone in which property was located on the risk of 
respondents’ description of dag as moderate or severe (versus mild or absent) 
Class of sheep  N 
Effect of Agzone (3 versus others) on moderate or severe dag 
Odds ratio (95% confidence interval)  Chi-square p-value
* 
Lambs  133  3.64 (1.36, 9.72)  0.007 
Hoggets  125  2.00 (0.83, 4.84)  ns 
Ewes  132  1.28 (0.55, 2.98)  ns 
Dry ewes  63  4.22 (0.50, 35.68)  ns 
Wethers  95  0.46 (0.14, 1.50)  ns 
Rams 128  3.77  (1.32,  10.82)  0.010 
 
ns: not statistically significant (p>0.100) 
*  p-values are Pearson Chi-square rwo-sided test for significance except for dry ewes which used 
Fisher’s exact test (two-sided significance) because there was a cell with a count less than five. 
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Worm control practices 
The association between timing of anthelmintic treatment classified by 
“season” (summer versus winter treatment) and risk of description of moderate 
and/or severe dag are shown in Table 4.18. Lambs that received a summer drench 
were nearly eight times more likely to be described as having moderate or severe dag 
compared with lambs that did not receive a summer drench (p=0.003). Hoggets that 
received a winter drench were nearly two-and-a-half times more likely to be 
described as having moderate or severe dag compared with those hoggets that did 
not receive a winter drench (p=0.025). There was no association between the season 
of anthelmintic treatment and moderate or severe dag in the adult sheep.  
There was no difference in the annual rainfall between properties that did or 
did not utilise summer drenching in any of the classes of sheep (p>0.100). 
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Table 4.18: Association between season of anthelmintic treatment and risk (odds 
ratio) of moderate and/or severe dag with Chi Square analysis of significance 
Class of 
sheep 
N 
Summer drench  Winter drench 
Odds ratio (95% CI)
*  p-value
** Odds ratio (95% CI)
*  p-value
** 
Lambs  131  7.77 (1.70, 35.53)  0.003  0.97 (0.46-2.07)  ns 
Hoggets  122  1.20 (0.51, 2.82)  ns  2.41 (1.10-5.26)  0.025 
Ewes  130  1.09 (0.52, 2.32)  ns  0.65 (0.30, 1.43)  ns 
Dry ewes  62  0.44 (0.13, 1.54)  ns  1.87 (0.52, 6.75)  ns 
Wethers  83  0.50 (0.20, 1.30)  ns  1.608 (0.60, 4.28)  ns 
Rams  127  1.29 (0.59, 2.83)  ns  1.42 (0.63, 3.24)  ns 
 
* (95% CI): 95% confidence interval 
ns: not statistically significant (p>0.100) 
** p-values are Pearson Chi-Square two-sided test for significance except for dry ewes which used 
Fisher’s exact test (two-sided significance) because there was a cell with a count less than five 
 
 
 
Worm management tools used 
The associations between use WEC or drench resistance testing and 
description of each sheep class as being affected by moderate or severe are shown in 
Table 4.19. The association between utilisation of professional advice for worm 
management and risk of moderate or severe dag in different classes of sheep are 
shown in Table 4.20. 
Respondents that “usually” or “always” used WEC to make decisions about 
anthelmintic treatments were two to eight times more likely to have sheep with 
moderate or severe dag compared with those that “never” or “occasionally” used 
WEC (p<0.03). In addition, respondents that had done a drench resistance test in the  
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previous five years were two to four times more likely to have sheep described as 
having moderate or severe dag during the survey period compared with those 
respondents that had not performed a drench resistance test in the last five years 
(p<0.07). 
Respondents that utilised “professional advice”, specifically advice from a 
veterinarian, consultant or the Department of Agriculture were approximately twice 
as likely to have flocks of lambs and rams described as having moderate or severe 
dag (p<0.07) and there was a trend to the same relationship in wethers (p=0.08). 
The reasons for utilising WEC, drench resistance testing and professional 
parasite control advice was not asked in the questionnaire and thus it was not 
possible to ascertain whether respondents were using these “tools” prior to the 
development or in response to dag problems in their flocks.  
  
Table 4.19: Association between worm management tools and risk of moderate or severe dag in sheep 
Class of sheep  N 
Faecal worm egg counts (“usually or always”)  Drench resistance test (in last 5 years) 
Odds ratio (95% CI)
*   p-value
**  Odds ratio (95% CI)
 *  p-value
** 
Lambs  133  3.84 (1.86, 7.91)  <0.001  2.75 (1.33, 5.67)  0.006 
Hoggets  125  3.65 (1.74, 7.65)  <0.001  2.57 (1.238, 5.34)  0.011 
Ewes  132  2.21 (1.10, 4.44)  0.024  2.06 (1.02, 4.17)  0.043 
Dry ewes  63  8.31 (2.02, 34.17)  0.002  4.14 (1.03, 16.72)  0.066 
Wethers  95  4.01 (1.50, 10.68)  0.004  2.65 (0.95,7.39)  0.057 
Rams  128  3.42 (1.64, 7.13)  0.001  2.85 (1.33, 6.91)  0.006 
 
(95% CI): 95% confidence interval 
ns: not statistically significant (p>0.100) 
** p-values are Pearson Chi-square two-sided significance except for dry ewes which used Fisher’s exact test (two-sided significance) because there was a cell with a count 
less than five  
   
Table 4.20: Association between source of anthelmintic advice and risk of moderate or severe dag in sheep 
Class of sheep  N 
“Professional” advice on timing of anthelmintic treatments
* “Professional” advice on anthelmintic drug used
* 
Odds ratio (95% CI)
*   p-value
**  Odds ratio (95% CI)
 *  p-value
** 
Lambs  133  1.97 (0.95, 4.07)  0.065  2.27 (1.11, 4.65)  0.024 
Hoggets  125  1.61 (0.77, 3.39)  ns  1.49 (0.73, 3.07)  ns 
Ewes  132  1.05 (0.52, 2.13)  ns  1.03 (0.51, 2.06)  ns 
Dry ewes  63  1.47 (0.42, 5.01)  ns  2.60 (0.72, 9.44)  ns 
Wethers  95  2.50 (0.89, 6.95)  0.076  2.32 (0.90, 5.99)  0.077 
Rams  128  2.66 (1.23, 5.78)  0.012  2.25 (1.07, 4.71)  0.031 
 
(95% CI): 95% confidence interval 
ns: not statistically significant (p>0.100) 
* Professional advice: advice from a private veterinarian, consultant or Department of Agriculture 
** p-values are Pearson Chi-Square two-sided significance except for dry ewes which used Fisher’s exact test (two-sided significance) because there was a cell with a count 
less than five. 
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4.4  DISCUSSION 
4.4.1  Respondent and Survey Factors 
Reply rate 
The reply rate of 28.5% was considered acceptable given the relatively long 
and complicated nature of the questionnaire. This was a similar reply rate to a ten-
page integrated parasite management survey conducted for Australian Wool 
Innovation in 2004 that had a national reply rate of 30.4%, but only 20.3% reply rate 
(209 responses) in Western Australia (Reeve and Thompson 2005). 
Telephone or written follow up may have increased producer response rates, 
but the reply rate was probably largely a reflection of the length and complexity of 
the survey. Another written questionnaire survey described in Chapter Five had a 
reply rate of 66 – 68% with no follow-up. The main differences between this survey 
and the survey described in Chapter Five were that the other survey was much 
shorter (1-1.5 pages), less complicated and asked only about particular lines of sheep 
that had been consigned to an abattoir (as opposed to all flocks on a given property 
with the current survey). Importantly, the survey described in Chapter Five was 
specifically sent to producers with a personal interest in the result as it applied 
directly to sheep that they had consigned for slaughter and respondents were offered 
access to their WEC results. Similarly, a short one-page survey was sent to producers 
who did not respond to an initial ten-page national integrated parasite management 
survey in 2004 and this shorter questionnaire increased the response rate from 30.4% 
to 52.3% nationally and from 20.3% to 42.1% in Western Australia (Reeve and 
Thompson 2005) confirming that shorter and less complex written surveys are 
associated with increased reply rates.  
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The survey respondents ran an estimated total of 1 050 000 sheep which was 
approximately 4.5% of Western Australia’s estimated total sheep population of 23 
063 000 000 in 2002 (Australian Bureau of Agricultural and Resource Economics 
2003). 
Agzone and distribution of responses 
“Agzones” categorise the farming regions within the agricultural region of 
Western Australia taking into account mean annual rainfall and length of growing 
season (Anon. 2005). The Agzone in which a property is located can describe 
general climatic features that may affect plant growth and therefore pasture density 
and stocking capacity on that property. Pasture growth is the main factor that 
determines stocking rate and so differences in the level of dag reported between 
different Agzones may be related to differences in stocking rate. Temperature, 
rainfall and the length of the growing season may also affect the ecology of internal 
parasites and so the Agzone in which a property is located may also determine the 
epidemiology of internal parasites affecting sheep grazed on that property. 
The majority of replies came from producers in Agzones 2 and 3. The region 
covered by Agzones 2 and 3 is where the highest density of sheep occurs in Western 
Australia and often referred to as the “sheep belt”. The skewed distribution of replies 
suggests that the results of this survey are only relevant to sheep properties from the 
region covered by Agzones 2 and 3. Agzone 6 (South Coast) typically experiences 
greater levels of summer rainfall and Agzones 4 (North East and Central) and 5 
(Lakes/Mallee) experience lower rainfall and shorter growing seasons compared with 
Agzones 2 and 3. 
The skewed distribution of replies towards Agzones 2 and 3 reflected the 
method of distribution of the survey because most of the surveys were sent to  
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producers in this region. This in turn was a reflection of the sources of the mailing 
list. This region also has the highest concentration of sheep numbers and this may 
have also contributed to the skewed distribution of responses.  
In addition, producers from the Agzone 3 region showed a large degree of 
interest in the research into scouring and dag, probably because scouring and dag are 
considered a major production problem in this region. Producers from an area where 
scouring and dag are considered major problems were possibly more likely to view 
the research as “important” and be more likely to reply than producers from regions 
where scouring and dag are considered a less important issue. Similarly, individual 
producers that experienced problems with daggy sheep were more likely to respond 
to the survey than those that did not experience dag problems on their property.  
The integrated parasite management survey conducted for Australian Wool 
Innovation in 2004 had a similar distribution of replies with an increased density of 
responses coming postcodes located in the Agzone 3 area and fewer replies from 
postcodes located in Agzones 2, 4 and 5 (Reeve and Thompson 2005). 
Farm factors and sheep enterprises 
The average number (approximately 7700 sheep per property) and relatively 
small standard error of number of sheep grazed (521 sheep), the proportion of 
cleared area grazed (69%) and the proportion of income generated from sheep (63%) 
suggests that the majority of respondents were “specialist sheep producers” as 
opposed to “grain producers who also ran some sheep”. 
The survey would have provided an underestimate of the number of sheep 
grazed by respondents in 2001 because prime lambs (Merino and cross bred lambs 
reared specifically for slaughter) and cull sheep are usually sold before the end of  
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December. However, this date was chosen because producers generally keep records 
of stock numbers at the end of the calendar year for accounting purposes. 
Wool represented the dominant portion of the respondents’ sheep enterprises. 
This may have been a reflection of the region from which most replies were obtained 
(Agzone 3) which is a traditional Merino wool growing area. In addition, most prime 
lambs in Western Australia are bred from Merino ewes mated to a terminal sire and 
therefore “dual enterprise” producers still receive a significant proportion of income 
from wool. The average wool fibre diameter of the respondents’ flocks ranged from 
18.4m to 23.0m suggesting that the majority of sheep managed by the respondents 
were Merinos. 
For analysis purposes, ABARE considers a producer as a “specialist prime 
lamb producer” if more than 20% of farm income is from prime lamb sales 
(Australian Bureau of Agricultural and Resource Economics 2004). Based on this 
criterion, 21% of respondents were “prime lamb specialists”, although this would be 
an underestimate because some respondents included prime lambs in “sheep sales” 
and others gave a combined income total from “wool and meat”. 
It would have been useful to ask about the breeds of sheep run on each 
property and the proportion of Merino ewes joined to Merino and terminal sires. 
Further investigations into the epidemiology of dag would benefit from following up 
the interaction between breed (or strain) and dag severity. 
Repeatability 
The repeatability of this survey was not tested. It is possible with a 
retrospective survey such as this that respondents’ may not provide repeatable 
answers (Maingi and Gichigi 2001). The present study asked farmers about the dag 
observed and the management of sheep in the previous 15 months. The authors of a  
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similar study that used questionnaires to investigate management practices and 
anthelmintic use concluded that “farmers should preferably only be asked to provide 
information for only one or two past years” to improve the quality of data obtained 
(Maingi and Gichigi 2001). 
4.4.2  Parasite control 
Drug resistance is a major issue in Western Australia. In 2001, there was 
almost universal resistance to BZ and LV drenches and widespread resistance and 
variable efficacy of BZ-LV combinations, some OP combinations and ivermectin 
drenches (Palmer et al. 2000; Besier and Love 2003). Some respondents were still 
using BZ and LV drenches despite the well-publicised information on the extensive 
and severe resistance to these drugs. There is a widespread anecdotal belief amongst 
producers in the region that treatment with a levamisole drench in winter assists in 
stopping sheep from scouring, even where the efficacy of levamisole is such that it is 
not effective (<95% efficacy) as a summer drench (R.B. Besier and K. Bell, pers 
comm). The extent of this belief amongst producers and the reasons for choosing to 
use BZ and LV drenches was not tested in this survey. It is possible that any effect of 
levamisole treatment on scouring could be attributable to the immunomodulatory 
effect of levamisole as well as antiparasitic activity. A review of the 
immunomodulatory effects of anthelmintics showed that levamisole can potentiate 
the immune response by restoration of normal function of effector cells involved 
with the cell mediated immune response, enhancement of cytokine production, 
reduced T-cell suppression and increased natural killer cells and T-lymphocytes, 
augmented lymphocyte activity and enhanced delayed type hypersensitivity with a 
shift to Th1 cytokine production (Sajid et al. 2006).  
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The proportion of producers in this survey that received professional advice 
on worm control was higher than in the integrated parasite management survey 
conducted in 2004 in which 26% of respondents from Western Australia used a 
veterinarian, consultant or an agricultural department officer as their main source of 
worm control advice (Reeve and Thompson 2005). The use of WEC and drench 
resistance testing was also higher in the present survey compared with the 2004 
integrated parasite management survey in which 33% of Western Australian 
respondents monitored WEC from September 2002 to December 2003 and 51% of 
Western Australian respondents had performed a drench resistance test (Reeve and 
Thompson 2005).  
The relatively high proportion of respondents that utilised professional 
anthelmintic advice, WEC and drench resistance testing was probably a reflection of 
a number of factors, primarily the method of survey distribution and the sheep 
enterprises of the respondents. The majority of respondents grazed sheep in Agzone 
3 where internal parasites are a major production limiting animal health issue (K. 
Bell and R.B. Besier, pers comm). Therefore respondents from this region were 
possibly more likely to seek professional advice on parasite management than 
producers in areas where parasites are less of a production issue. Also, respondents 
typically ran a large number of sheep and sheep enterprises in Agzone 3 tend to be 
relatively “high input” compared with those lower rainfall regions. It could therefore 
be expected that the survey respondents were more likely to seek professional advice 
and utilise parasite management tools (such as WEC and drench resistance testing) to 
help maximise production and profitability. Finally, there were several well-
respected sheep health and production consultants practising in the Agzone 3 area  
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offering parasite management advice (including WEC and drench resistance testing), 
one of which actively encouraged his clients to respond to the survey. 
“Quarantine drenching” using an effective drench(es) on introduced sheep 
has been widely recommended to prevent the introduction of anthelmintic resistant 
strongyle strains onto a property (Dobson et al. 2001). The current recommended 
treatment is a combination of benzimidazole, levamisole and moxidectin with the 
addition of napthalaphos if sheep have grazed on a property with suspected 
macrocyclic lactone resistance (Dobson et al. 2001; Woodgate 2002). 
The survey results showed that 55% of respondents did not give introduced 
sheep a “quarantine drench” with a further 2% answering that a “quarantine drench” 
was given by someone else before sheep arrived at the property. This finding was 
consistent with two previous surveys and a subsequent survey of Western Australian 
sheep farmers. A survey conducted in 2001 found 54 (46%) of 118 respondents 
practiced quarantine drenching (Suter et al. 2004) and another survey conducted in 
1988 that found 146 (68%) of 216 respondents practiced quarantine drenching 
(Edwards et al. 1989). Comparison of the results from the two previous surveys and 
the current study showed no significant change in the uptake of quarantine drenching 
(Suter et al. 2005). A subsequent integrated parasite management survey in 2004 
found that 49% of respondents that purchased new sheep drenched the newly 
introduced sheep on arrival to their property (Reeve and Thompson 2005). 
The proportion of respondents utilising quarantine drenching in both the 
present survey and subsequent 2004 integrated parasite management survey (Reeve 
and Thompson 2005) was low and showed a poor uptake of quarantine drenching as 
a method of preventing the introduction of anthelmintic resistant strains of parasites. 
The use of quarantine drenching was especially poor considering that a large  
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proportion of respondents received professional advice on their parasite management 
programmes. Further to this, of the respondents that gave a quarantine drench in the 
present study, 35% used ivermectin that probably served to hasten the development 
of ML resistance due to the widespread existing prevalence of ivermectin resistance 
in Western Australia (Dobson et al. 2001). In addition, 17% used LV or a BZ+LV 
combination that was highly likely to be ineffective as a quarantine drench (Palmer 
et al. 2000) and 3% gave an organic drench. These results suggest that more 
extension is needed on the importance of quarantine drenching and which 
anthelmintics or combinations of anthelmintics are appropriate to be used as a 
quarantine drench in Western Australia. 
As a result of the rising prevalence of ivermectin resistance, an extension 
campaign to modify summer drenching practices was commenced early in 2001-
2002. The results from this survey were compared with those of another mail 
questionnaire survey of drenching practices used by Western Australian sheep 
producers conducted in 2001 (Suter et al. 2004) and showed that this extension 
campaign had some effect on reducing the number of anthelmintic treatments and 
reducing the number of summer flock treatments (Suter et al. 2005). The statistical 
testing to compare the results of the two surveys was performed by comparison of 
means (ANOVA) or Chi-square tests for independence with Bonferonni corrections 
for multiple tests. There was a significant difference (p<0.05) between the number of 
flock anthelmintic treatments recorded in the 2001 survey (5.070.25, range 2-21) 
compared with the present survey (4.170.16, range 0-8) and a significant (p=0.002) 
reduction in the number of summer treatments with 14 (11%) of 133 respondents in 
the present survey not giving a summer drench compared with only 2 (2%) of 132 
respondents in the 2001 survey (Suter et al. 2005). The uptake in the extension  
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programme designed to reduce the number of drenches given to sheep in the summer 
months may reflect both the success of this extension campaign and the bias in the 
survey responses towards producers that utilised professional animal health advice, 
WEC and drench resistance testing. 
4.4.3  Scouring 
It is difficult to compare the results from this survey with other studies of 
scouring epidemiology and risk factors because most other studies have examined 
the incidence and/or distribution of scouring in a given population (usually a single 
flock or a small number of flocks) and a single class of sheep (usually lambs or 
ewes). Examples of such work examining risk factors associated with scouring 
include studies by Larsen et al (1994) that investigated scouring in ewes in south 
eastern Australia and those of Green et al (1998) and French and Morgan (1996), 
both of which investigated scouring in lambs in the south west of the United 
Kingdom. Other studies have examined the effect of certain management practices 
on dag formation, some examples being Thamsborg et al (1996) that investigated the 
effect of stocking rate and Webb Ware et al (2000) that investigated the effect of tail 
amputation and treatment with controlled-release anthelmintic capsules. In contrast, 
this survey study aimed to examine the severity of scouring in a number of different 
flocks of sheep across a relatively wide geographical area under typical management. 
The only other similar study of scouring and dag in sheep in Western 
Australia was an International Wool Secretariat (IWS) Producer Initiated Research 
and Development (PIRD) project conducted in 1997 by R.B. Besier and K. Bell. The 
results of this study were reported to IWS (Besier and Bell 1997) and outlined in a 
paper at an IWS scouring workshop (Besier 1998b), but have not been published 
elsewhere. The 1997 survey study was carried out in a similar geographical region as  
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the present survey study. Both studies were retrospective and asked producers about 
scouring and management of sheep in the previous 12 months. There were several 
differences between the 1997 survey and the present survey study. The 1997 study 
had a smaller number of respondents (55 compared with 138 in the present study). 
The 1997 study did not examine scouring/dag in lambs, but examined ewe hoggets, 
wether hoggets and mixed sex hoggets separately and dry sheep as one group. In 
comparison, the present study examined hoggets as one group and dry ewes, wethers 
and rams as separate groups. Presumably all of the respondents in the 1997 study 
were using a sheep health consultant as the survey was distributed to clients of a 
sheep management consultant, specifically Dr Kevin Bell. Finally, the 1997 study 
asked questions about the severity and duration of scouring and about the 
management of sheep in the worst affected flock in each of the classes examined. 
This included questions on whether affected sheep responded to a drench and the 
results of any WEC carried out. The present study asked about severity of dag in 
each sheep class as a whole (all flocks) and WEC results were not included in the 
questionnaire. 
The high overall prevalence of scouring reported in the present study (86-
97% depending on the class of sheep) was similar to that found by Besier and Bell in 
the 1997 study, where 52 (94%) of 55 of respondents reported some scouring. 
However, the 1997 study showed a slightly smaller proportion of respondents (78%) 
reported scouring in hoggets and a seemingly much smaller proportion of 
respondents (48%) reported scouring in older than two years of age compared with 
the results from the present study. 
The difference in the reported rate of scouring/dag in the adult sheep in the 
two studies may be due to the wording of the questions. In the previous study,  
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respondents were asked whether “scouring” had been observed in sheep on their 
farm in the year in question (1997). Respondents were asked to provide information 
on the total number of flocks of each class from hogget age onwards, indicating the 
number of flocks in which scouring had occurred in that year. In contrast, the present 
study asked about the severity of dag and it is possible that producers noted signs of 
dag in sheep without detecting “scouring” (ie loose stools). Supporting this 
suggestion, the present study found a similar proportion of respondents reported 
moderate or severe dag in ewes (47%), rams (42%) and wethers (31%). This 
suggests that respondents in the 1997 study may have equated “scouring” with 
moderate or severe dag in adult sheep. 
Sheep class 
Flocks of young sheep (lambs and hoggets) and mated ewes were all at 
significantly higher risk of being described as having moderate or severe dag 
compared with dry adult sheep (unmated ewes and wethers). In addition, rams were 
at significantly higher risk of being described as having moderate or severe dag 
compared with unmated ewes. These results mirror the susceptibility of the different 
sheep classes to internal parasites. 
Lambs and hoggets are susceptible to gastrointestinal parasites because they 
typically have not yet fully developed immunity to internal parasites (Besier 2004). 
Mated ewes are subject to the phenomenon of peri-parturient relaxation of resistance 
(PPRR) that has been discussed in more detail in Chapter 2.2.1. PPRR exists from 
shortly before lambing until some weeks afterwards whereby WEC rise as a result of 
a relaxation on the constraints on worm egg production and the establishment of new 
adult worm burdens following ingestion of larvae with pasture (Barger et al. 1993; 
Besier 2004).  
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Rams are typically more vulnerable to strongyle infections compared with 
wethers and ewes not subject to the PPRR. Rams may show clinical signs of 
helminthosis where dry ewes and wethers in comparable situations do not (Barger et 
al. 1993; Besier 1998a). This was reflected in the results of this survey that showed 
rams were at a higher risk of having moderate or severe dag compared with unmated 
ewes. 
Once immunity to strongyle parasites has been developed, wethers and ewes 
not subject to the PPRR are generally able to maintain a competent immunity to 
strongyle worms. This immunity may decline in the absence of ongoing larval 
infection, but natural resistance to incoming larvae is typically rapidly regained on 
resumption of larval exposure (Besier 2004). This pattern was evident from the 
results of this survey which showed that unmated ewes and wethers were at a lower 
risk of being described as having moderate or severe dag compared with lambs, 
hoggets and mated ewes. However, the establishment of any “causal link” between 
the susceptibility of different sheep classes to parasite burdens and the severity of 
dag presumes that worm burdens were the most common cause of dag in these sheep 
and this cannot be confirmed using the data available in this survey study. 
As well as differences in natural resistance to strongyle infection based on the 
age, gender and pregnancy status of sheep, failure to maintain immunity in mature 
sheep may also occur under extreme larval infection pressure, especially during 
periods of poor nutrition (Steel 2003). Variation in the intensity of larval infection 
pressure and nutritional aspects were not examined in this study. 
The results of this survey were consistent with a study of dag in Merino ewes 
in western Victoria that found that the prevalence of severe dag and mean dag score 
was higher in two-year-old ewes (hoggets), after which there was a tendency for  
Page 134  Chapter Four: Scouring Survey   
prevalence of severe dag and mean dag score to decrease with each successive age 
group until the oldest age group (five or six years) where they significantly increased 
(Larsen et al. 1994; Larsen 1997; Larsen et al. 1999). The same study found that 
pregnancy and lactation had little influence on the prevalence of severe dag. 
Seasonal pattern, Agzone and rainfall 
All classes of sheep were more likely to be described as having moderate or 
severe dag in winter and/or spring compared with summer and/or autumn. This 
finding supported anecdotal evidence that scouring and dag is a “winter and spring 
problem” in the agricultural region of Western Australia. The two factors most 
obviously coupled with winter and spring and commonly implicated with scouring 
and dag are strongyle parasites and lush green feed (albeit anecdotally). The results 
of this survey study only indicated a “seasonal effect” and did not allow for any 
explanation of the relative importance of either nutrition or internal parasites on the 
level of dag observed in the winter and spring months. Sporadic outbreaks of 
scouring observed in the summer and autumn when sheep are grazing dry feed are 
more likely to be associated with infectious causes of scouring, including internal 
parasites and bacterial diseases (Chapter Two). 
The strongyle parasites most commonly implicated as a cause of scouring in 
the agricultural region of Western Australia are Teladorsagia (Ostertagia) 
circumcincta and Trichostrongylus spp. These strongyle parasites require moisture 
and moderate temperatures for the infective larvae to survive on pasture. The winter 
and spring months provide the most favourable climatic conditions for survival and 
development of larvae on pasture in the winter rainfall area of the south west of 
Western Australia and it is during these months that the greatest rate larval intake by 
sheep occurs (Besier 2002). Following ingestion of infective larvae,  
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immunologically naïve or immunologically suppressed animals may develop a 
strongyle burden sufficiently large to cause scouring. Larval hypersensitivity 
scouring has been suggested as an alternative cause of “winter scours” in susceptible 
immunologically competent sheep following ingestion of larvae (Larsen et al. 1999). 
Producers in the agricultural region of Western Australia commonly blame 
lush green pasture (including cape weed) for scouring (K. Bell, pers comm). The 
association between scouring and green pasture has been discussed more 
comprehensively in Chapter 2.2.6 (Literature Review), but the mechanism(s) by 
which lush green feed may cause scouring has not been well described in the 
scientific literature. Several authors have suggested features of pasture that may 
induce scouring, including lush young plant growth, high water and soluble sugar 
content, rapid changes in the quality or composition of the pasture, ingestion of aphid 
infested lucerne, nitrate accumulation and the grazing of green cereal crops (Harris 
and Rjodes 1969; Watts et al. 1978; Baillie 1979; Glastonbury 1990; Pethick and 
Chapman 1991). “Nutritional diarrhoea” is typically diagnosis of exclusion that is 
made when sheep grazing lush green pasture develop diarrhoea that cannot be 
attributed to any other factor (Napthine 1988; Glastonbury 1990; Farquarson 1992).  
Perennial ryegrass (Lolium perenne) pastures infested with endophyte 
(Acremonium lolii) have been implicated as a cause of diarrhoea in New Zealand 
(Leathwick and Atkinson 1995; Leathwick and Atkinson 1996; Eerens et al. 1998; 
Fletcher et al. 1999), but perennial grasses are not commonly the dominant pasture 
species in the non-irrigated areas of the south west of Western Australia from which 
the survey replies were obtained. In addition, PRG fungal endophyte (Acremonium 
lolii) requires warm temperatures and so disease is more likely to occur in the late 
spring to autumn months and this pattern was not observed in this survey study.  
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Flocks of lambs, hoggets and rams described as having moderate or severe 
dag came from properties with significantly higher rainfall compared with flocks 
described as having mild or absent dag. Flocks of lambs and rams from properties in 
Agzone 3 were more likely to have moderate or severe dag than flocks from farms in 
other Agzones. This finding may be due to climatic conditions affecting larval 
survival, stocking density or a combination of these two factors.  
The amount of rainfall and the duration of growing season influences both 
pasture growth and parasite larval survival. Rainfall is the main factor that 
determines pasture growth and in turn pasture growth is the main factor that 
determines the amount of feed on offer and the stocking intensity of a property. A 
European study showed that higher stocking rates increase susceptibility to high 
strongyle burdens and dag formation (Thamsborg et al. 1996). 
The development and survival of the infective strongyle larvae is determined 
by both temperature and moisture at ground level. The Agzone classifications take 
both rainfall amount and growing season into account. Properties that are subject to 
climatic patterns favourable to larval survival, specifically higher rainfall and longer 
growing season, have an increased likelihood of helminthosis in susceptible sheep. 
This survey study did not compare the relationship between stocking rate and 
the development of moderate or severe dag. Calculation of stocking rate in this study 
would have been difficult for several reasons. Firstly, dry stock equivalent (DSE) 
sheep numbers fluctuate considerably over the course of the year, particularly around 
lambing and the sale of surplus sheep. The questionnaire asked about the numbers of 
sheep at only one point in time (end of December) for simplicity. In addition to 
fluctuations in sheep numbers, stocking rate would be difficult to calculate across a 
property because of variable paddock area grazed throughout the year. This was  
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particularly true for properties that also have some land utilised for cropping for part 
of the year. Any calculation of stocking rate would assume that the DSE were grazed 
evenly over the non-cropped portion of the property in winter and again over pasture 
and crop stubbles over summer and that is not a reasonable assumption. 
Future studies of the epidemiology of scouring and dag should include 
estimates of stocking rate and feed availability (food on offer) for individual flocks at 
different time points throughout the year. 
Worm control practices 
The anthelmintic treatments in lambs and hoggets may have been a 
“response” to scouring and dag problems on the property and not the “cause” of 
moderate or severe dag. The association between winter drenching and moderate or 
severe dag in hoggets was possibly attributable to producers assuming that the dag 
was due to parasite burdens and thus elected to treat daggy hoggets with an 
anthelmintic. This is common practice in areas where internal parasites are an 
important production issue (K. Bell, R.B. Besier and R. Woodgate, pers comm). 
Likewise, the association between summer drenching and moderate or severe dag in 
lambs was probably because producers that treated lambs with a summer drench 
presumably chose to do so because internal parasites were a production problem on 
their property. The statistical analysis in this study did not differentiate the timing of 
observation of moderate or severe dag relative to treatment (for example, whether 
dag was noted before or after treatment). 
Strategic drenching (summer drenching of all sheep) and tactical drenching 
(winter treatments of affected sheep) have been recommended as means of 
suppressing internal parasite burdens in sheep in Western Australia since the advent 
of the CRACK campaign in the 1980s. “CRACK” was a mnemonic for check  
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resistance status (C), reduce drenching frequency (R), avoid broad spectrum 
drenches where narrow spectrum types will suffice (A), correct dose rates (C) and 
keep resistant worms off the farm (K) (Besier and Hopkins 1988).  
By the months of November and December most flocks of lambs would have 
grazed pasture long enough to have developed worm burdens with potential for 
causing production losses and scouring. As a result, by this time most flocks may 
have required anthelmintic treatment to minimise the effects of helminthosis. A study 
of approximately 20 “demonstration farms” throughout the southwest of Western 
Australia found nearly all flocks had evidence of worm burdens potentially large 
enough to result in scouring that at the time a summer drenching was normally 
administered (Woodgate and Besier 2005). 
The association between moderate or severe dag and the use of WEC or 
drench resistance testing was presumably because respondents that considered 
internal parasites or dag a major production problem were more likely to use these 
worm management tools than those producers that did not have daggy sheep or did 
not perceive internal parasites as a production issue. Also, a high proportion of 
respondents used a veterinarian or consultant for animal health and parasite control 
advice and it would seem likely that producers that utilise professional advice would 
be expected to be more likely to utilise WEC and drench resistance testing if these 
were recommended by their animal health advisor. It is also possible that the 
association between use of WEC and drench resistance testing was confounded by 
rainfall. 
It was possible that producers in regions where parasites are considered a 
major production problem and parasite management is complex were more likely to 
utilise the services of veterinarians and sheep health consultants. In addition,  
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individual producers whose flocks had ongoing problems with scouring and daggy 
sheep may be more likely to use a veterinarian or sheep health consultant in order to 
attempt to reduce or control the level of scouring and dag in their sheep.  
Survey design and assessment of scouring 
This question that asked about the severity of dag was open to interpretation 
by respondents. A description of each dag severity (ranging from absent to severe) 
was given in an attempt to make the question more objective as producers may 
perceive dag severity differently (Chapter 4.2.2). However, even with a description 
of each dag severity, it is likely that there was considerable variation between the 
impressions of different respondents. 
In addition, the repeatability of the survey was not tested to see how 
consistent the dag descriptions were from the same respondent. Repeatability of 
answers may be important, particularly because this was a “retrospective survey” 
(Maingi et al. 1997). 
The initial intention of this survey study was to analyse the data based on the 
proportion of sheep with moderate or severe dag for each season and to also calculate 
an average dag grade using the calculation (Chapter 4.2.2). However, most 
respondents did not indicate the proportion of sheep in each class with each dag 
grade but rather described dag in the whole flock as mild, severe, etc, presumably in 
the worst affected sheep. This may have been due to unclear wording of the question, 
or it may have been difficult to recall the proportion of each flock affected by dag 
and so they answers were the “general impression” of “average dag severity”. This 
made interpretation of the results more difficult as the different grades of dag 
(ranging from absent to severe) are usually distributed across each flock. In addition, 
the average dag grade does not effectively represent the distribution of dag.  
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A pre-test of the questionnaire on a “test population” of sheep producers may 
have identified that producers were likely to answer in this way and allowed for less 
ambiguous instructions. A better and simpler way of assessing the problem may have 
been to ask what proportion of each class of sheep was affected with moderate or 
severe dag in each season, although this also would have been subject to varying 
degrees of recall. 
4.5  CONCLUSIONS 
A mail out questionnaire survey was used to determine some of the 
characteristics of dag and worm control in the south west of Western Australia. Most 
replies came from producers in “Agzone 3” which is a moderate rainfall region (450-
750mm per annum) with the highest sheep density in Western Australia and so the 
results are most relevant to this region. Moderate and severe dag was more common 
in the winter and spring months. Young sheep and mated ewes were identified by 
producers as more susceptible to moderate and severe dag than unmated ewes and 
wethers. Producers with sheep with moderate or severe dag were more likely to 
utilize professional worm control advice, WEC and drench resistance testing for the 
management of parasites. Relatively few farmers had followed the recommended 
practice of quarantine drenching, suggesting that further extension in this area is 
required.  
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CHAPTER 5:  INTERNAL PARASITISM AND SCOURING IN 
SHEEP AT THE ABATTOIR 
GENERAL INTRODUCTION TO CHAPTER FIVE: 
THE IMPORTANCE OF SCOURING TO THE SHEEP MEAT INDUSTRY 
Scouring in sheep is an important issue for the sheep meat industry. Scouring 
and the subsequent faecal contamination of fleeces are major risk factors for faecal 
contamination of carcasses, which in turn has consequences for abattoir productivity, 
product quality and potential public health risks. 
Faecal contamination of the carcass can occur by rupture or leakage from the 
gastrointestinal tract or by contamination from the fleece (Newton et al. 1978; Biss 
and Hathaway 1996b, 1996c; Hadley et al. 1997). Both the fleece and viscera are 
reservoirs of microbes that include both potential human pathogens and 
microorganisms that cause meat spoilage (Newton et al. 1978; Greer et al. 1983).  
Soiled fleeces that inadvertently contact the surface of the carcass are an 
important source of microbial contamination of carcasses (Newton et al. 1978; Huis 
in 't Veld et al. 1994; Biss and Hathaway 1995, 1996a, 1996b; Hadley et al. 1997). 
Microbial contamination of the carcass can occur by direct contact between the 
fleece and the carcass tissues or indirectly via aerosols, water droplets, contact with 
knives or equipment and the hands, arms or clothing of abattoir workers (Smeltzer et 
al. 1980; Greer et al. 1983; Smulders and Woolthuis 1983; Sheridan et al. 1992; 
Widders et al. 1995; Biss and Hathaway 1996a). 
Fleece soiling occurs primarily on the abdomen and legs with the most 
common sources of soiling being faecal material, vegetation and mud (Newton et al. 
1978). The degree of soiling of the fleece significantly affects the microbial load on 
the shoulder and abdomen of the carcass (Biss and Hathaway 1995). The extent of  
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carcass microbial contamination is dependent on the severity of faecal soiling with 
carcasses derived from sheep with increasingly dirty fleeces carrying up to 1000 
times more microorganisms and a higher proportion of the carcasses being 
contaminated with Enterobacteriaceae (Hadley et al. 1997).  
Many factors influence the degree of fleece soiling. The causes of soiling of 
the breech region have been discussed in more detail in the Literature Review 
(Chapter 2.1). Some factors shown to affect the degree of fleece soiling include 
persistent scouring (Watts and Luff 1978; French and Morgan 1996), fleece length, 
sex (Watts and Marchant 1977; Watts and Luff 1978), tail and breech conformation 
(Watts and Marchant 1977; Watts and Luff 1978; French et al. 1994; Webb Ware et 
al. 2000), climatic conditions, method of transport, design of lairage and duration of 
lairage (McGrath and Patterson 1969). 
Scouring also impacts abattoir productivity because faecal contamination 
necessitates trimming of the affected carcass tissue (Biss and Hathaway 1996b). This 
trimming is generally done on a “detain rail” and trimming of contaminated tissue 
from multiple affected carcasses in a line generally slows the speed of the chain and 
results in sub-optimal production of the abattoir. 
However, whilst scouring is a major risk factor for fleece and carcass 
contamination, there is little published data on the prevalence and causes of scouring 
in sheep at Australian abattoirs.  
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STRONGYLE, GIARDIA AND CRYPTOSPORIDIUM INFECTIONS IN 
NORMAL AND SCOURING SHEEP AT AN ABATTOIR IN THE 
SOUTH WEST OF WESTERN AUSTRALIA 
5.1  INTRODUCTION 
Whilst scouring in sheep delivered to abattoirs is considered a significant 
problem to the sheep meat industry, information regarding the major causes of 
scouring in sheep consigned for slaughter is scarce in the scientific literature. The 
survey study described in Chapter Four showed that scouring and severe dag were 
more common in the winter and spring months compared with summer and autumn 
months in the south west of Western Australia (Chapter Four). In addition, Chapter 
Four also demonstrated that young sheep and mated ewes are more susceptible to 
moderate or severe dag compared with dry adult sheep. 
Helminthosis is the most commonly implicated cause of scouring in sheep in 
the high rainfall areas of southern Australia with young sheep in the winter and 
spring months particularly susceptible (Besier 2004). Immunologically incompetent 
sheep (particularly young sheep) sheep in poor condition or exposed to 
overwhelming larval challenge and ewes in the period close to lambing are most 
susceptible to helminthosis and these factors are discussed in more detail in the 
Literature Review (Chapter 2.2.1). In addition to causing scouring, large strongyle 
burdens may adversely affect both meat and wool production, specifically reductions 
in growth rate, body condition, feed conversion, milk production and wool growth 
(Sykes 1978; Coop and Angus 1981; Waller et al. 1987). However, there is no 
published epidemiological work quantifying strongyle infections in a large number 
of scouring and normal (non-scouring) sheep at an abattoir or confirming the 
association of parasites with scouring in sheep in abattoirs.  
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Giardia and Cryptosporidium have both been associated with scouring and 
diarrhoea in ruminants (Olson et al. 1995; Olson et al. 1997), but have not been well 
studied in sheep. Little is known about the prevalence of these organisms or the 
genotypes present in sheep populations. 
5.1.1  Aims and hypotheses 
The aims of this experiment were to: 
1.  Describe the magnitude and importance of strongyle infections in 
sheep in a commercial abattoir 
2.  Investigate the importance of Giardia and Cryptosporidium infections 
in sheep in a commercial abattoir and to identify the species present 
3.  Investigate any association between scouring and internal parasitism 
by strongyles, Giardia or Cryptosporidium  
The hypotheses of the experiment were that: 
1.  Heavy strongyle infections are more common in young sheep than 
adult sheep 
2.  Cryptosporidium and Giardia infections are more common in young 
sheep than older sheep 
3.  In young sheep, scouring is associated with heavy strongyle 
infections 
4.  In adult sheep, scouring is not commonly associated with heavy 
strongyle infections 
5.  Giardia and Cryptosporidium infections are associated with scouring  
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5.2  MATERIALS AND METHODS 
5.2.1  Animals 
“Lines” of sheep were sampled whilst in lairage at Fletcher’s International 
abattoir in Narrikup, Western Australia. The sampling period ran from 1
st September 
2002 until 31
st January 2003. Up to six lines were sampled on any given day. 
A “line” of sheep was defined as a group of 50 or more sheep consigned from 
the same source. Lines that consisted of animals from multiple consignees were not 
sampled. Faeces were collected from sheep from each line. Ten “normal” sheep were 
sampled from each line and if any scouring was evident, ten “scouring” sheep were 
also sampled. This is described in more detail below. 
“Scouring lines” of sheep 
A “scouring line” of sheep was defined as one in which at least ten animals 
showed evidence of active or recent scouring. Scouring lines were identified visually 
whereby animals were seen passing loose faeces or with fresh diarrhoeal soiling of 
the breech or hocks. Scouring sheep were also identified by faecal collection 
whereby the faeces collected were loose and not in a pelleted form. In the case of a 
scouring line, ten scouring animals (or as many as could be caught and restrained by 
the sampler) were sampled as well as ten animals with no evidence of active or 
recent scouring (“normal” sheep). As scouring lines were preferentially sampled, this 
experiment does not provide prevalence data on scouring. 
“Clean lines” of sheep 
A “clean line” was defined as one in which there was no evidence of active 
or recent scouring. In these instances, ten “normal” animals with no evidence of 
active or recent scouring were sampled. Specifically, these sheep had normal faecal 
pellets and no evidence of fresh dag on the breech or hocks.  
Page 146  Chapter Five: Scouring in Sheep at an Abattoir   
Age classifications 
The sheep meat industry in Australia defines a lamb as a sheep in which no 
permanent incisor teeth have erupted. Eruption of the incisor teeth occurs at 
approximately 12 months of age but is highly variable, ranging from between 10 and 
18 months (Weise et al. 2001). For the purposes of this study, a “lamb” was defined 
as being less than 12 months of age. Animals aged between 12 and 24 months were 
classified as “yearling” and sheep older that 24 months were classified as “adult”. 
For analyses of protozoa results, a “lamb” was defined as being 12 months of age or 
younger and animals older than 12 months were defined as “adult”. 
5.2.2  Parasitology 
Strongyles 
Faecal worm egg counts (WEC) and larval differentiations were performed 
by Animal Health Laboratories, Department of Agriculture (Albany, Western 
Australia) using the methods described in Chapter 3.1. Larval differentiations were 
performed on pooled samples where the flock mean was greater than 100 eggs per 
gram. The larval differentiation results were used to estimate non-Haemonchus 
contortus proportion of strongyle eggs and calculate the “scour worm” faecal worm 
egg count. 
Protozoa 
Analyses for Giardia and Cryptosporidium was performed by the 
Parasitology Department, School of Veterinary and Biomedical Science, Murdoch 
University (Murdoch, Western Australia). The methods used are outlined below and 
have been described in greater detail by Ryan et al (2005). 
A total of 1,647 faecal samples were screened for the presence of 
Cryptosporidium and Giardia using microscopy. Due to the large numbers of 
samples to be analysed, faecal samples from individual lines were pooled (five  
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samples per pool). If a pooled line was positive the individual samples were 
analysed. Microscopy for Cryptosporidium was carried out using malachite green 
negative staining (Elliot et al. 1999) and saturated salt floatation was used for the 
detection of Giardia (Zajac 1992).  
A subset of 500 isolates selected at random were screened by PCR for 
Cryptosporidium and Giardia at the 18S locus using methods previously described 
(Hopkins et al. 1997; Ryan et al. 2003). PCR products were purified using Qiagen 
spin columns (Qiagen, Hilden, Germany) and sequenced using an ABI Big  Dye 
Terminator Cycle Sequencing kit (Applied Biosystems, Foster City, CA). Sequences 
were analysed using SeqEd v1.0.3 (Applied Biosystems, Foster City, CA). 
Nucleotide sequences were aligned using Clustal X (Thompson et al. 1997). 
Phylogenetic analysis was performed using Treecon version 1.3b 
(http://www.psb.rug.ac.be/bioinformatics/psb/Userman/treeconw.html). 
5.2.3  Survey 
A questionnaire survey was sent to the named consigner of lines sampled in 
the study. There was a separate questionnaire for lambs and adult (“mutton”) sheep 
(Appendix Two). Each questionnaire indicated the date of the consignment and a 
description of the line (such as “crossbred lambs” or “Merino ewes”). An addressed 
reply-paid envelope was included with the survey. Of the 244 mutton and 111 lamb 
surveys delivered, 160 mutton and 76 lamb surveys were returned giving a reply rate 
of 66% for mutton consignment lines and 68% for lamb consignment lines. 
5.2.4  Statistical analysis 
Data were entered into an Excel spreadsheet (Microsoft Excel, Mac, 2004) 
and the statistical analysis of the data was performed using SPSS 11.0 for Macintosh 
OS X (Statistical Package for the Social Sciences, Chicago, IL, USA).  
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All WEC data were analysed using non-parametric tests, including Mann-
Whitney U (two independent samples), Kruskal-Wallis (more than two independent 
samples) and Wilcoxian signed rank test (paired samples). Non-parametric tests were 
chosen because the variances were significantly different (p<0.05, Levene’s test of 
equality of error variance) even after calculating log10 transformed geometric mean 
WEC.  
For analysis of protozoal data, the prevalence and proportion of lines with at 
least one positive sheep were calculated. Categorical data were analysed using Chi-
square tests for independence, specifically Pearson Chi-square two-sided test for 
significance where all observed cells contained five or more lines, otherwise Fisher’s 
exact test (two-sided significance) was used. Odds ratios and the corresponding 95% 
confidence intervals were calculated. 
 
5.3  RESULTS 
5.3.1  Sheep 
A total of 4430 sheep were sampled between September 2002 and January 
2003 from 113 lines of lambs (less than 12months of age), 10 lines of yearlings (12-
24 months of age) and 235 lines of adult sheep (greater than two years of age). 
Cross-bred prime lambs accounted for 93% (105/113) of lines of lambs, whereas 
96% (235/244) of adult lines and 90% (9/10) of yearling lines were Merinos.  
The adult lines were predominantly ewes, with 97% (154/159) of lines being 
ewes, 2.5% (4/159) mixed sex and 0.5% (1/159) wethers. 
Lines were consigned from throughout the agricultural region of Western 
Australia, mostly from areas with predominantly winter rainfall patterns. The survey  
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responses showed most sheep were consigned directly from pasture with only 3% 
(7/236) lines coming from feedlots. 
5.3.2  Strongyle worm egg counts in sheep 
The results for the strongyle WEC of the sheep in the study are outlined in 
Table 5.1. Substantial strongyle WEC were common in lines of lambs with a 
relatively large proportion (42%) of lamb lines with WEC that would be considered 
sufficiently large (greater than 1000 epg) to be impacting on production. Lines of 
lambs had a mean WEC of 1525 epg. 
Yearling lines also had evidence of substantial worm burdens (mean 1159 
epg), albeit in a much smaller number of lines sampled. 
High strongyle WEC were not common in the adult lines and adult lines had 
a mean WEC of 486 epg. In addition, there was a smaller proportion (13%) of adult 
lines with WEC greater than 1000 epg compared with lamb lines. 
Lines with a high proportion (>70%) of H. contortus eggs on the larval 
differentiation and concurrent high WEC suggestive of haemonchosis (>5000 epg) 
were not common in any age group. 
  
 
Table 5.1: Faecal worm egg counts (WEC) of sheep sampled in lairage 
  Lambs (< 12 months)  Yearlings  (1-2 years)  Adults  (>2 years)  Total 
Number of lines  113  10  244  367 
% lines with WEC <100epg and/or H. contortus <20% 80.5%  90%  88%  85.8% 
% lines with H. contortus  >70%    7%  0  3.5%  4.3% 
% lines with H. contortus  >70% & WEC >5000 epg
† 2.6%  0  0  0.8% 
Range of mean line WEC (epg)  0 – 13 160  10 – 3470  0 – 14 220  0 – 14 220 
Lines >1000 epg  42.5%  40%  13.1%  22.9% 
Lines >2000 epg  22.1%  30%  6.1%  12% 
All lines average WEC  1525 epg
A 1159  epg
AB 486  epg
B 825  epg 
All lines average “scour WEC” 
* 1150  epg
A 1013  epg
AB 364  epg
B 625  epg 
 
ABCValues within rows with different superscripts are significantly different (p<0.05) 
†epg: eggs per gram of faeces 
WEC: faecal strongyle worm egg count including Teladorsagia (Ostertagia) spp., Trichostrongylus spp., Haemonchus spp. and Chabertia spp. (excludes Nematodirus spp.) 
 
* “scour WEC”: faecal strongyle worm egg count including Teladorsagia spp., Trichostrongylus spp., and Chabertia spp. (excludes Haemonchus spp. and Nematodirus spp.)  
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Factors that influenced WEC 
Age of sheep 
The age category of lines had a significant effect on mean WEC (p<0.001, 
Kruskal-Wallis test). WEC in lines of lambs were approximately three times higher 
than those in adult lines (Table 5.1). Only a small number of yearling lines were 
included in the sample and the WEC in these lines were not statistically different 
from WEC in the lamb or adult lines (Table 5.1) 
There was no significant correlation of animal age with WEC in sheep less 
that two-years-old (lambs and yearlings pooled), nor was there any significant effect 
of age (in weeks or months) on WEC (p>0.100, Mann-Whitney U). 
Management factors 
The effect of the management prior to consignment on the mean WEC of 
lamb lines and adult lines are shown in Tables 5.2 and 5.3 respectively.  
Lamb lines that had received an anthelmintic drench had a mean WEC of 
approximately half that compared to lines that had not (Table 5.2). However, 
anthelmintic treatment in the two months prior to consignment had no effect on 
WEC in the adult lines (Table 5.3). 
There was a trend to an effect of feed system prior to consignment (p=0.060) 
for lamb lines (Table 5.2) whereby lines of lambs that had been in feedlots prior to 
consignment had lower WEC than sheep consigned from pasture with no 
supplementation. However, only six lamb lines were in a feedlot prior to 
consignment and five of the six lines that were consigned from a feedlot had also 
been drenched so these covariates (drenching and feed system) were confounded. 
There was no significant effect of feeding system prior to consignment for adult lines 
(Table 5.3).  
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A pre-lambing anthelmintic treatment of dams and weaning of lambs alone 
had no effect on the mean WEC of lamb lines. However, in the lamb lines where a 
pre-lambing drench was given to the dams, lines grazing with their dams had lower 
WEC (739 epg) than the lines of weaned lambs (1767 epg, p=0.012) and vice versa 
whereby the weaned lines had a lower WEC (769 epg) than those grazing with their 
dams (1875 epg, p<0.001) in lines where no pre-lambing drench was given. 
There was no effect of “lambing” in adult lines whereby WEC in ewes that 
had lambed in 2002 were not statistically different to WEC in ewes that had not 
lambed in 2002 (Table 5.3). 
WEC in adult lines consigned in November and January were higher than 
those in October (Table 5.3). In November and January, sheep were grazing 
predominantly dry feed whereas in October sheep were grazing predominantly green 
feed. There was no significant difference of the mean WEC of lamb lines consigned 
between any of the months during the study period (Table 5.2).  
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Table 5.2: Effect of management factors on mean WEC of lines of lambs (<12-months-old) 
and non-parametric test for significance (Mann-Whitney U or Kruskal-Wallis two-sided test) 
 Number  of  lines  WEC  (epg)  p value 
Weaning status      
Not grazing with ewe  26  1114  0.110 
Grazing with ewe  50  1420   
Lambing paddock      
Grazing paddock was lambed in  44  1206  ns 
Not grazing paddock was lambed in  31  1508   
Drenching status      
Lamb drenched  49  992  0.010 
Lamb never drenched  26  1894   
Ewe drenching management pre-lambing      
Ewes drenched pre-lambing  29  1058  ns 
Ewes not drenched pre-lambing  47  1475   
Ewe drenching management post-lambing      
Ewes drenched post-lambing  28  1083  ns 
Ewes not drenched post-lambing  47  1477   
Feeding system      
Pasture 60  1340
A 0.065 
Paddock & supplementation  10  1792
AB  
Feedlot 6  279
B  
Month of slaughter      
September 5  1812  ns 
October 50  1926   
November 34  1269   
January 24  993   
Month born      
March 7  801  ns 
April 14  1909
   
May 31  1026   
June 19  1651   
July 1  600   
August 1  190   
ns:  not statistically significant (p>0.100) for Mann-Whitney U or Kruskal-Wallis test 
AB Within “management factor”, values with different superscripts are significantly different 
(p<0.05)  
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Table 5.3: Effect of management factors on mean WEC of lines of adult sheep (>24-
months-old) and non-parametric test for significance (Mann-Whitney U or Kruskal-
Wallis two-sided test) 
Management factor  Number of lines  WEC (epg)  p-value 
Lambing status      
Lamb in 2002  133  331  ns 
No lamb in 2002  20  377   
Drench status      
Drenched < 2 months  9  684  ns 
Not drenched or >2 months  145  320   
Feeding system      
Pasture only  143  337  0.099 
Pasture & supplementation  12  407   
Feedlot 1  0   
Month of slaughter      
September 83  352
AB 0.002 
October 65  270
A  
November 29  444
BD  
January 66  867
D  
 
WEC:  faecal worm egg count 
epg:  worm eggs per gram of faeces 
ns:   not significant (p>0.05) for Mann-Whitney U or Kruskal-Wallis test 
ABCDWithin “management factor”, values with different superscripts are significantly different 
(p<0.05) 
 
5.3.3  Protozoa 
Cryptosporidium 
Cryptosporidium was detected in 10.7% (12/112) of lamb lines and 3.1% 
(8/255) adult lines. Lamb lines were 3.7 times more likely to be positive for 
Cryptosporidium than adult lines (odds ratio, 95% confidence interval (CI) 1.5, 9.3).  
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Sequence analysis of 60 Cryptosporidium-positive isolates identified eight 
distinct genotypes of Cryptosporidium at the 18S locus (Appendix 3) and these are 
outlined in Table 5.4. Of these, Bovine B genotype and cervid genotype were more 
commonly isolated in lamb lines than adult lines with Bovine B being 9.4 times 
(95% CI 1.0, 84.0) and cervid genotype being 11.7 times (95% CI 1.4, 101.4) times 
more likely to occur in lamb lines than adult lines.  
 
Table 5.4: Cryptosporidium genotypes identified in a subset of sheep in lairage 
Species  Number of isolates  Isolate source (line description) 
Cervid genotype  33 isolates  11 lamb lines (2 scouring, 9 clean) 
3 adult lines (1 scouring, 2 clean) 
Bovine B genotype  14 isolates  7 lamb lines (2 scouring, 5 clean) 
2 adult lines (1 scouring, 1 clean) 
Marsupial genotype  4 isolates  1 lamb line (clean) 
3 adult lines (2 scouring, 1 clean) 
Pig genotype II  4 isolates  1 lamb line (clean) 
3 adult lines (clean)
# 
C. suis  2 isolates  2 adult lines (1 scouring, 1 clean)
# 
C. andersoni  1 isolate  1 adult line (scouring)
* 
C. hominus  1 isolate  1 adult line (scouring)
* 
Novel genotype  1 isolate  1 adult line (clean) 
Total: 8 genotypes  60 isolates  20 lamb lines (4 scouring, 16 clean) 
14 adult lines (6 scouring, 8 normal) 
 
# C. suis and pig genotype II both isolated from the same line (Line 110 – clean adults) 
* C. hominus and C. andersoni isolated from the same line (Line 11 – scouring adults)  
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Giardia 
Giardia was detected in 48.2% of lamb lines (54/112) and 13.3% (30/255) of 
adult lines. Lamb lines were 7.0 times more likely to be positive for Giardia than 
adult lines (95% CI 4.1, 11.9). 
The  Giardia genotypes isolated in this study are outlined in Table 5.5. 
Sequence analysis of 46 Giardia isolates at the 18S locus identified four genotypes 
(Appendix Three) including the livestock genotype (33 isolates), assemblage A (11 
isolates) and two isolates which exhibited some genetic differences but that were 
grouped most closely with the livestock genotype. 
 
Table 5.5: Giardia duodenalis genotypes identified in sheep in lairage 
Species  Number of isolates  Isolate source 
Livestock genotype  33 isolates  3 lamb lines (2 scouring, 1 clean) 
2 adult lines (2 clean) 
Assemblage A  14 isolates  1 lamb line (clean) 
4 adult lines (2 scouring, 2 clean) 
Unknown genotypes  2 isolates  1 adult line (clean) 
Total:  genotypes  49 isolates  3 lamb lines (1 scouring, 2 clean) 
* 
4 adult lines (2 scouring, 2 clean)
 * 
 
* Livestock genotype, Assemblage A and unknown genotype isolated from the same line (line 12 – 
normal adult) and Livestock genotype and Assemblage A isolated from the same lines (line 13 – clean 
adult and line 163 – clean lamb) 
 
Management factors associated with protozoal infection 
There was no relationship between any of the management factors examined 
with the questionnaire survey and detection of Cryptosporidium or Giardia in lamb  
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or adult lines. These factors included feeding system prior to consignment (feedlot or 
grazed on pasture), weaning status of lambs (weaned or grazing with dams), whether 
lambs were grazing in the paddock in which they were born and whether lines of 
adult ewes had lambed in 2002.  
There was no relationship between time of slaughter and detection of 
Cryptosporidium infection in lamb or adult lines. Lamb lines slaughtered in 
November and January (when sheep were grazing predominantly dry pasture and 
crop stubbles) were 2.5 times (95% CI 1.2, 5.3) more likely to be positive for 
Giardia than lambs slaughtered in September and October (when sheep were grazing 
predominantly green pasture), but there was no effect of month of slaughter on 
Giardia infection in adult lines. 
Relationship between WEC and protozoal infection 
There was no significant difference in the WEC of Cryptosporidium-positive 
and Cryptosporidium-negative lines of adults (p=0.656 Mann-Whitney U) or lambs  
(p=0.885 Mann-Whitney U). There was no significant difference in the WEC of 
Giardia-positive and Giardia-negative lines of adults (p=0.842 Mann-Whitney U) or 
lambs (p=0.915 Mann-Whitney U).  
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5.3.4  Scouring  
The seasonal distribution of sampling of scouring lines are outlined in Table 
5.6. Sampling of scouring lines had a seasonal trend in adult lines with all of the 
scouring adult lines being consigned in September and October and no scouring 
adult lines being sampled in November or January. There was no apparent seasonal 
pattern of sampling of scouring lamb lines. 
 
Table 5.6: Distribution of sampling of scouring lines 
 Lambs 
(< 12 months) 
Yearlings 
(1-2 years) 
Adults 
(>2 years) 
Total number of lines sampled  113  10  244 
Number of 
scouring lines 
Spring (September & October)
a 6  3  24 
Summer (November & January)
b 7 0 0 
 
a Sheep grazing predominantly green pasture 
b Sheep grazing predominantly dry pasture or crop stubbles 
 
Management factors associated with scouring 
There was no significant relationship between any of the management factors 
examined with the questionnaire survey and scouring in lamb or adult lines 
(p>0.100). The factors examined included history of anthelmintic treatment 
(drenching prior to consignment in all lines, pre- and post-lambing treatment of 
dams of lamb lines), feeding system prior to consignment (grazed in pasture with or 
without supplementation or managed in a feedlot), weaning status of lambs (weaned 
or grazing with dams), whether lambs were grazing in the paddock in which they 
were born immediately prior to consignment and whether adult ewe lines had 
lambed in 2002.   
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Strongyles 
The strongyle WEC for the scouring and normal sheep are shown in Table 
5.7. There was a trend to higher WEC in the individual scouring lambs (p=0.099) 
and yearlings (p=0.067) compared with the normal animals although these were not 
statistically different at the 5% level. In individual adults, the scouring sheep had a 
lower WEC than the normal sheep (p=0.021). There was no significant difference in 
the strongyle WEC of the scouring and normal sheep within the scouring lines or all 
sheep in scouring and clean lines (p>0.100).  
 
Table 5.7: Mean strongyle worm egg count (eggs per gram of faeces) in scouring and 
normal sheep with non-parametric (Mann-Whitney U) two-sided test for significance 
  Mean WEC (eggs per gram of faeces) 
 Lambs  Yearlings  Adults 
All scouring individuals  2289  1616  417 
All normal individuals  1523  1202  482 
p value (Mann-Whitney U)  0.099  0.067  0.021 
Scouring sheep in scouring lines  2477  2066  400 
Normal sheep in scouring lines  2447  1692  381 
p value (Wilcoxian signed rank test)  ns  ns  ns 
All sheep in scouring lines  2449  1548  394 
All sheep in clean lines  1405  992  497 
p-value (Mann-Whitney U)  0.092  ns  ns 
WEC: faecal worm egg count 
ns: not significant (p>0.100)  
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The H. contortus portion of the WEC (based on larval differentiation) were 
removed to give the WEC attributable to the “scour worm” strongyles and the results 
are shown in Table 5.8. The individual scouring yearlings (p=0.041) and adults 
(p=0.024) had higher scour worm WEC than the normal sheep, but there was no 
significant difference in the individual lambs (p>0.100). The difference in WEC 
between scouring and normal adults was small (46 epg). There was no statistically 
significant difference in the scour worm WEC of the scouring and normal sheep 
within the scouring lines or between scouring and clean lines (p>0.100). 
 
Table 5.8: Mean scour worm faecal worm egg count (non-H. contortus strongyle 
eggs per gram of faeces) in scouring and normal sheep with non-parametric (Mann-
Whitney U) two-sided test for significance 
  Scour WEC (eggs per gram of faeces) 
 Lambs  Yearlings  Adults 
All scouring individuals  1432  1611  407 
All normal individuals  1115  1061  361 
p-value (Mann-Whitney U, 2-tailed)  ns  0.041  0.024 
Scouring sheep in scouring lines  1912  2021  398 
Normal sheep in scouring lines  1220  1686  332 
p-value (Wilcoxian signed rank test)  ns  ns  ns 
All sheep in scouring lines  1512  1527  366 
All sheep in clean lines  1103  792  364 
p-value (Mann-Whitney U)  ns  ns  ns 
WEC: faecal worm egg count 
ns: not significant (p>0.100)  
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Protozoa 
Lines of adult sheep positive for Cryptosporidium were 9.7 (95% CI 2.3, 
41.6) times more likely to be scouring than lines in which Cryptosporidium was not 
detected. There was no significant relationship between scouring and 
Cryptosporidium in lambs. Of the Cryptosporidium genotypes identified, only 
bovine B genotype was significantly associated with scouring whereby lines of 
lambs in which the bovine B genotype was detected were 8.8 (95% CI 1.1, 69.0) 
times more likely to be scouring than lines in which it was not detected. 
A similar pattern was evident for Giardia with lines of adult sheep positive 
for Giardia being 3.1 (95% CI 1.2, 8.2) times more likely to be scouring than lines in 
which  Giardia was not detected. There was no significant relationship between 
scouring and Giardia in lamb lines. 
 
5.4  DISCUSSION 
5.4.1  Sheep 
The sheep sampled appeared to be an appropriate representation of the sheep 
meat industry in Western Australia. Most lines of lambs were crossbreds, 
specifically lambs sired by terminal sire rams (usually British breeds) mated to 
Merino ewes. Poll Dorset and Suffolk are the most common terminal sire breeds 
used in Western Australia. Almost all of the adult lines were Merino ewes. This was 
probably because a large proportion of wethers in Western Australia are usually sold 
for live export. 
Only a small number of yearling lines were sampled. This was not surprising 
as many sheep in this age category were likely to have been consigned earlier in the 
year (prior to the sampling period) as carry-over lambs when lamb prices were  
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higher due to low supply prior to the influx of the new season lambs. Alternatively. 
yearling sheep were likely to be retained as breeding ewes with the surplus ewes and 
wethers sold for live export as yearlings (or “hoggets”) after shearing. 
Sheep were sourced from a wide area of the agricultural region of Western 
Aaustralia giving a good spread of high and low rainfall areas and representing the 
major environments in which Western Australian sheep are farmed. 
5.4.2  Worm egg counts 
Interpretation of flock mean WEC using the broad categories “low” (<500 
epg), “moderate” (500-2000 epg) and “high” (>2000 epg) have been shown to 
provide reasonable inferences about the size and likely pathogenicity of the worm 
infections in sheep flocks of all ages (McKenna 1981). In Western Australia, counts 
over 500 epg are generally considered sufficiently high to be causing production 
losses (R.B. Besier, pers. com.). The interpretation and weaknesses of WEC are 
discussed in more detail in the Materials and Methods (Chapter 3.1). 
Using the categories outlined by McKenna (1981), the worm egg counts were 
moderate-high and indicative of parasitism in a substantial proportion of lamb lines, 
but less so in adult lines. The results also suggested that H. contortus played a 
relatively minor role in the lines sheep sampled as “scour worms” contributed by far 
the largest proportion of WEC (Table 5.1) 
There is evidence from pen studies suggesting that sheep with WEC of the 
magnitude seen in the lamb and yearling lines in this study would likely be suffering 
some loss of live weight and wool growth. One such pen study using a combination 
of Merino, Merino x Border Leicester and Merino x Suffolk wethers aged 14 to 23 
weeks found that sheep dosed with T. colubriformis larvae had WEC of 500 epg or  
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greater resulting in 49-67% reduction of weight gain and a 44-79% reduction in 
wool growth compared with un-infected sheep (Steel et al. 1980). 
It is likely that a degree of faecal concentration occurred during curfew, 
transport and lairage when sheep did not have access to feed and probably did not 
drink, even if water was made available in lairage (Kim et al. 1994; Knowles et al. 
1994; Jacob et al. 2006). Faecal concentration tends to increase WEC (Gordon 
1967), although the degree to which this occurs in sheep in curfew, transport and 
lairage has not been described. Further investigation is warranted to quantify the 
degree of concentration of WEC that may occur in sheep sampled in lairage. Gordon 
(1967; 1981) suggests that constipated faeces may double the WEC. 
Notwithstanding an elevation of WEC due to faecal concentration, the WEC seen in 
lambs represents significant burdens at levels expected to impact production (>500 
epg) with more than 40% of lines with WEC in excess of 1000 epg. 
A European study found that transportation and confinement stress elevated 
WEC in sheep 7, 14 and 28 days after one hour of transport and confinement to a 
pen compared with sheep that remained at pasture, although the mechanism by 
which this occurred was not tested (Sotiraki et al. 1999). It is not possible to 
determine whether the stress induced by mustering, curfew, transport and lairage of 
the sheep in the current study may have provided sufficient “stress” or whether the 
time frame from the stress until sampling was sufficiently long to elevate WEC 
independently of any effect of faecal concentration. 
Adult sheep had much lower WEC compared with the lambs. The mean 
WEC seen in most adult lines would not be expected to have been causing 
production losses, particularly when faecal concentration was taken into 
consideration. However, 13% of adult lines had WEC in excess of 1000 epg and so  
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extension campaigns to sheep producers should emphasise that parasite monitoring 
and management needs to incorporate all classes of sheep. 
The lower WEC in the adult sheep compared with the lambs was not 
surprising. Sheep develop immunity against gastrointestinal nematodes following 
exposure and this protects them against subsequent challenges (Vlassoff et al. 2001; 
Besier 2004). The development of immune expression progresses from resistance 
against establishment of infective larvae, reduction in egg production/fecundity of 
existing established worms and finally the rejection of the established adults. This 
acquisition of immunity is typically seen as an initial sharp rise in WEC to peak 
levels that may be associated with clinical disease followed by a sharp fall in WEC 
as immunity is established (Besier 2004).  
The rate of development and expression of an adequate immune response is 
influenced by a range of factors including age, sex, genetics, nutrition and duration 
of exposure to parasites. Younger animals are generally more susceptible to 
gastrointestinal parasite infections with the expression of adequate immune 
responses only partial in sheep under six months of age (Dobson et al. 1990a). The 
time required for the development of this immunity also depends on the rate of larval 
intake and may be delayed where young sheep experience insufficient or sporadic 
larval challenge (Dobson et al. 1990b). Whilst it has been shown that immunity may 
develop following less than 12 weeks of larval intake, under field conditions where 
sheep are grazing in temperate winter rainfall regions lambs are generally aged 
between 8- and 12-months-old before effective resistance is apparent at a flock level 
and most sheep will have acquired a functional immunity to strongyle infection by 
18 months of age (Pullman et al. 1988; Vlassoff et al. 2001; Besier 2004). Therefore 
it was expected that a larger proportion of the adult sheep would have attained  
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sufficient immunity to inhibit the development of heavy strongyle burdens. The very 
wide range of WEC in the hoggets was likely a result of variations in the rate and 
degree of immunity and small number of lines sampled. 
5.4.3  Scouring  
The pattern of low WEC in both the scouring and clean adult lines was 
consistent with findings in other Australian studies that showed no relationship 
between WEC and scouring/dag (Larsen et al. 1994; Larsen 1997; Larsen et al. 
1999). In addition, the findings matched the epidemiological picture described in 
Western Australia whereby scouring associated with low WEC is common in adult 
sheep in the late-winter and spring months and tends to resolve spontaneously later 
in the growing season, typically after September as pastures start to senesce (Chapter 
Four). Such cases are often attributed to the larval hypersensitivity syndrome 
described by Larsen et al (1997; 1999) whereby genetically susceptible sheep with 
an effective immunity to strongyles develop diarrhoea following ingestion of 
trichostrongylid larvae (Chapter 2.2.2). It was suggested that some sheep are 
genetically predisposed to an altered or defective immune function resulting in 
changes in lymphocyte populations and eosinophil numbers in the mucosa of the 
pylorus and proximal small intestine of affected animals. In addition to the ingestion 
of trichostrongylid larvae, some unidentified factor(s) in green feed was proposed as 
a necessary but not sufficient cause of scouring (Larsen 1997; Larsen et al. 1999; 
Larsen 2000). The larval hypersensitivity scouring syndrome and genetic 
susceptibility to scouring have been discussed in more detail in the Literature 
Review (Chapter 2.2.2 and 2.1.5 respectively). 
The finding that no scouring adult lines were identified in November or 
January, despite the vigilance of the abattoir staff at detecting scouring lines,  
Page 166  Chapter Five: Scouring in Sheep at an Abattoir 
supported the possibility of larval hypersensitivity scouring syndrome as a potential 
cause of diarrhoea in the adult sheep in this study. In Western Australia, November 
and January are typically hot and dry, with sheep generally grazing dry pastures and 
crop stubbles on which conditions do not favour larval survival. This was the case 
during the survey period (2002-2003). 
Whilst strongyle burdens should be considered as a potential cause of 
scouring in sheep, elevated strongyle burdens were present in some lines with no 
evidence of scouring. The results suggest that scouring was a poor indicator of 
whether an individual sheep or line was likely to have a “high” WEC. The practical 
application of this result is that sheep producers should not use scouring as a “guide” 
to the size of worm burden and therefore the need for anthelmintic treatments. This 
is a significant finding because an integrated parasite management survey conducted 
in 2004 found that 68% or respondents from Western Australia considered the 
presence of daggy sheep as “important” or “very important” in determining the need 
for an anthelmintic treatment in ewes and weaner sheep (Reeve and Thompson 
2005). Extension to sheep producers should therefore emphasise that management of 
parasites should include worm egg count (WEC) monitoring at a flock level to 
identify subclinical infections that may impact production through reduced growth 
rates and reduced wool production. 
None of the management factors examined in the questionnaire survey were 
associated with scouring in adult or lamb lines. The questionnaire survey was 
retrospective and the repeatability of the survey was not tested. The survey was sent 
out within 12 months of consignment which would be expected improve the quality 
of the data obtained (Maingi and Gichigi 2001).  
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5.4.4  Potential production significance of strongyle infection 
Estimation of likely financial losses attributable to strongyle infections in 
meat and mixed meat-wool sheep enterprises have not been well described. The 
economic impact of strongyle infections in these enterprises warrants investigation 
because the WEC exceeded the level at which production losses could be expected in 
a large proportion of lamb lines. The most important production penalties 
attributable to strongyle infection and grazing of contaminated pastures are 
reductions in live weight gain, soft tissue deposition, skeletal growth, milk and wool 
production (Sykes 1978, 1994). These effects are often sub-clinical and may not be 
associated with overt signs such as scouring or extreme ill thrift. 
The impact of strongyle infection on production is determined by a range of 
factors, namely the severity of challenge, the effectiveness of host immune response, 
duration of exposure, host nutritional status, effect on metabolism of the host and the 
metabolic cost of a competent immune response (Sykes and Greer 2003). Production 
losses associated with strongyles result both from nutritional and pathological costs 
associated with adult nematode burdens and losses associated with the ingestion of 
strongyle larvae and subsequent immune response (Sykes and Greer 2003). The 
WEC at which pathological effects would be expected varies according to class of 
sheep/age, nutritional and stress status of the sheep. However, Kingsbury (1965) 
showed that in 5- to 12-month-old sheep with sub-clinical worm infestations, WEC 
of 550 to 2000 epg of faeces signified a wide range of levels of worm infestation 
with 41% of cases associated with more than 4000 worms. However, heavy worm 
infestations were also found in sheep with egg counts of only 550 to 1000 epg. 
Strongyle parasite burdens reduce nutrient availability to the host through a 
reduction of voluntary feed intake and reduced efficiency of feed utilisation.  
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Estimates of depression of voluntary feed intake in chronic subclinical infections 
vary widely, but proportional reductions of up to 20% have been seen in naïve 
animals showing no clinical symptoms of disease (Sykes and Coop 1976a, 1976b; 
Coop et al. 1982; van Houtert and Sykes 1996) and 25-30% in lactating ewes (Leyva 
et al. 1982). Whilst reduction of feed intake is a major factor contributing to reduced 
performance of parasitised sheep, the underlying mechanisms of the anorexia are not 
well understood (Symons 1985; Dynes et al. 1998; Kyriazakis et al. 1998; Coop and 
Sykes 2002) and food intake generally returns to normal as animals acquire 
resistance to infection or following treatment with an anthelmintic (Kimambo et al. 
1988; Kyriazakis et al. 1996; Sykes and Greer 2003). 
Reduced efficiency of protein digestion efficiency and endogenous loss of 
protein into the gastrointestinal tract plays an important role in reduction of 
productivity. Overall there is a movement of protein from productive processes (such 
as growth, wool production and reproduction) into repair of the gastrointestinal tract 
and expression of the immune response (synthesis of plasma proteins and 
mucoprotein production); in sub-clinical infections the increased demand for protein 
and can lead to a 50% reduction in growth rate at the same level of feed intake 
(Sykes and Coop 1976b). 
Even in animals without overt signs of parasitism, there is a considerable 
nutritional cost associated with mounting and maintaining the immune response. It 
has been suggested that a fully established immune response has a nutritional cost as 
high as 15% of maintenance requirement (Sykes 1994). The immunity-associated 
response requires more protein (particularly sulphur amino acids such as cysteine 
and probably methionine) relative to energy and so parasite infection may have a 
more severe effect on “wool” genotypes selected for wool production compared with  
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“meat” genotypes selected for growth and meat quality (Liu et al. 2003). 
Quantification of the reduction in production due to maintenance of immune system 
in meat sheep therefore warrants investigation. 
The level of WEC observed in lamb lines suggested that pasture 
contamination would be high. Chronic exposure to larvae from grazing contaminated 
pasture has been shown to contribute to the impact on production associated with 
sub-clinical strongyle infections. Reduction in feed intake occurs with an intake of as 
few as 1000 larvae per day. An intake of 2000 larvae per day reduced feed intake by 
30% (Sykes and Greer 2003) and an intake of 5000 larvae per day has been 
estimated to proportionally reduce live weight gain and feed conversion efficiency 
by up to 50% in clinically normal animals (Sykes 1994), reduce milk production by 
20% and increase weight lost in lactation by 5kg in lactating ewes (Leyva et al. 
1982). Supporting this was a study by McAnulty et al (1982) that showed 
differences of up to 35% in growth rate between animals grazing clean pastures 
compared with those grazing contaminated pastures. 
An assessment of the economic cost of endemic livestock diseases in 2006 
estimated that the national economic effect of internal parasites of sheep was 
AUD$369 million and that the majority of loss was attributable to production loss 
rather than costs associated with treatment and prevention (Sackett et al. 2006). The 
overall financial and economic costs of internal parasites are difficult to estimate, the 
reasons for which have been reviewed by Perry and Randolf (1999). In addition, the 
design of this study did not provide for a measure of financial and economic costs.  
Page 170  Chapter Five: Scouring in Sheep at an Abattoir 
5.4.5  Protozoa  
It was likely that the prevalence of both Giardia and Cryptosporidium were 
underestimated by this study because samples were collected on a single occasion 
and excretion has been shown to be intermittent (Buret et al. 1990a) 
The most common Cryptosporidium genotypes identified in this study were 
the cervid genotype and the novel Bovine B genotype, both of which are genetically 
very distinct. The cervid genotype appears to have a wide host range and has been 
reported in sheep (Xiao et al. 2002). This study provided the first report of the novel 
Bovine B genotype in sheep (Ryan et al. 2005). The bovine B genotype was first 
identified in cattle in the USA in 2002 (Xiao et al. 2002; Santin et al. 2004) and little 
is known of its prevalence or distribution. 
This study also provided the first report of Cryptosporidium andersoni in 
Australia and also the first report of this species in sheep (Ryan et al. 2005). C. 
andersoni parasitises the abomasum of cattle and has been associated with long-term 
chronic infections, reduced dietary protein digestion and reduced rate of weight gain 
in cattle (Anderson 1987; Lindsay et al. 2000; Enemark et al. 2002; Ralston et al. 
2003). The identification of this species in Australian sheep is therefore of interest 
and warrants further investigation. 
An unknown genotype was identified in one sample. This genotype is 
genetically distinct and may represent a new species of Cryptosporidium although 
further studies are required to confirm this. 
C. parvum and C. hominis are responsible for the majority of human 
infections (Morgan-Ryan et al. 2002). The notion that livestock represent an 
important zoonotic reservoir for human cryptosporidiosis was based on the 
assumption that the majority of Cryptosporidium infections in livestock with oocysts  
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ranging from 4-6 µm were due to C. parvum (Fayer et al. 2000). The present study 
suggests that this may not be the case in Western Australia as the zoonotic C. 
parvum (cattle genotype) that was assumed to be the most common species in sheep 
was not detected in any of the 60 isolates that were sequenced and C. hominis was 
identified in only one of the sequenced isolates.  
Sequence analysis of 46 Giardia isolates at the 18S locus identified the 
majority of genotypes as belonging to the livestock genotype and assemblage A. 
There were two isolates that exhibited some genetic differences but these were 
grouped most closely with the livestock genotype. The livestock genotype is 
commonly found in ungulates including cattle and sheep and is not considered 
zoonotic. Assemblage A is widespread geographically. It has been previously 
identified sheep and is thought to be zoonotic (Buret et al. 1990a; Xiao 1994; 
Thompson et al. 2000; van Keulen et al. 2002; Thompson 2003). 
The importance of giardiasis in sheep is not clear. A Canadian study found 
reduced rate of weight gain and impairment in feed efficiency associated with 
Giardia infections in specific pathogen-free sheep, whereby infection extended the 
time to reach slaughter weight and reduced carcass weight compared to uninfected 
control lambs (Olson et al. 1995). The authors concluded “giardiasis in domestic 
ruminants is an economically important disease, thus necessitating control or 
elimination of the infection.” In Australia there has been no published reports of 
production losses associated with giardiasis, but sub-clinical infections and 
undiagnosed disease outbreaks are possible and whether giardiasis may have an 
unrecognised but occasionally costly impact on sheep production in Australia has yet 
to be determined.  
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The results suggested that both Giardia and Cryptosporidium may play a 
pathogenic role in sheep as there were statistically significant associations between 
lines of adult sheep that were positive for Cryptosporidium or Giardia and scouring. 
However this study could not determine what role Cryptosporidium or Giardia may 
play as other non-parasitic causes of scouring were not examined and the prevalence 
of Cryptosporidium in the adult lines was low. 
The majority of Cryptosporidium (~98%) and Giardia (~76%) isolates 
genotyped as part of this study are not known to commonly infect humans, 
suggesting that the public health risk of sheep-derived cryptosporidiosis and 
giardiasis is probably low (Ryan et al. 2005). This result was surprising, as sheep 
have often been assumed to be an important reservoir for human infection via both 
direct transmission and contamination of water catchment areas, effluent and 
possibly abattoirs. 
These results highlight the importance of genotyping analysis because there 
are major differences in the zoonotic risk between genotypes, therefore hazard 
analysis critical control point (HACCP) analysis based on data from microscopy 
alone could considerably over-estimate the risk of human cryptosporidiosis and 
giardiasis from sheep-derived protozoan contamination of catchments, effluents and 
abattoirs etc (Ryan et al. 2005). 
Comparison of Cryptosporidium and Giardia prevalence to other studies 
Prevalence data in other studies for Cryptosporidium and Giardia in sheep 
are discussed below. Direct comparison of the results of Giardia and 
Cryptosporidium detection by microscopy and PCR in the current study to the 
infection prevalence in other published work was difficult for a number of reasons. 
Specifically, this study used faecal samples pooled by line and so gave a prevalence  
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of “positive” flocks rather than individual animal prevalence. In addition, most other 
studies examined sheep from a relatively small number of properties and some 
studies included only a relatively small number of sheep. The age of sheep, 
particularly lambs, and the pregnancy status of ewes also varied considerably 
between studies. Some studies sampled sheep on more than one occasion to 
compensate for intermittent shedding of oocysts (Buret et al. 1990a). The sensitivity 
and specificity of the techniques used between studies were also variable. 
Cryptosporidium 
Sturdee (2003) studied the Cryptosporidium prevalence on a single farm in 
the United Kingdom and found Cryptosporidium in 4% of ewes (N=377 sheep) and 
10% of lambs (N=337 sheep) over a six year period using faecal concentration and 
immunofluorescence. 
A study in Canada of 89 sheep detected Giardia in 57% of lambs (N=40) and 
9% of adults greater than six months of age (N=22) and Cryptosporidium in 23% of 
lambs (N=40) and 27% of adults (N=22) from 15 farms using faecal concentration 
and immunofluorescence of faeces collected on a single occasion (Olson et al. 
1997).  
A study of sheep from five farms in Poland (Majewska et al. 2000) found 
Cryptosporidium in 5% of adult sheep (N=99) and 18% of lambs (N=60) on a single 
sampling occasion, however this study did not use faecal concentration and used a 
modified Ziehl-Neelsen staining technique which may reduce the sensitivity of 
detection (Ortega-Mora et al. 1999; Causape et al. 2002; Chalmers et al. 2002). 
Causape (2002) detected Cryptosporidium in 7.8% of ewes (N=205 sheep) 
and 59% of lambs on 89 farms in a study in North-Eastern Spain using faecal 
concentration and a modified Ziehl-Neelsen staining technique on faecal samples 
collected on a single occasion. Another study in Spain on two farms with a history of  
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neonatal diarrhoea (Ortega-Mora et al. 1999) detected Cryptosporidium in 
approximately 64% of lactating ewes (N=14 sheep) and 71% of lambs (N=14 sheep) 
using faecal concentration and indirect IFAT over a 6 week periparturient period. In 
this study, no oocyst excretion was detected using a modified Ziehl-Neelsen 
technique for staining of concentrated faecal samples, which reinforces the necessity 
for faecal concentration and the use of techniques with high sensitivity to detect 
asymptomatic shedders (Ortega-Mora et al. 1999). 
Giardia 
A study on a single farm in England found Giardia in 5% adult ewes (N=19) 
and 69% of lambs (N=86) over a nine week period using a modified zinc sulphate 
floatation technique (Taylor et al. 1993). 
5.5  CONCLUSIONS 
This study showed that significant strongyle infections were evident in a 
large proportion of the lamb lines but were less common in adult lines consigned to 
slaughter. Lamb lines treated with anthelmintics had significantly lower WEC than 
untreated lines. 
The relationship between WEC and scouring was not clear and suggested 
that factors other than strongyle worm infections may play an important role in 
scouring lines of sheep at the abattoir. The findings that WEC were generally very 
low in scouring adult lines (“low WEC scouring”) and the seasonal pattern of 
scouring observed in adult sheep were consistent with the suggestion that larval 
hypersensitivity scouring syndrome or factors associated with grazing green pasture 
may be responsible for a large proportion of the scouring observed in adult sheep 
rather than large adult worm burdens (“high WEC scouring”).   
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Giardia was more commonly isolated than Cryptosporidium and both 
organisms were more common in lamb lines than adult lines. These organisms 
warrant further investigation as both were associated with scouring in adult lines. 
The majority of isolates genotyped are not known to infect humans suggesting that 
the public health risk of sheep-derived Cryptosporidiosis and Giardiasis is probably 
low.  
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CHAPTER 6:  ON-FARM INVESTIGATION OF “LOW WORM 
EGG COUNT SCOURING” IN NINE FLOCKS OF SHEEP IN THE 
SOUTH WEST OF WESTERN AUSTRALIA 
6.1  INTRODUCTION 
Scouring and dag are a common and widespread problem in the south west of 
Western Australia in the winter and spring months. A survey of sheep producers 
described in Chapter Four found that approximately half the respondents reported 
“moderate or severe dag” in flocks of sheep of all age groups. Worms are the most 
commonly implicated cause of scouring in sheep in Australia (Napthine 1988; 
Glastonbury 1990; Besier 2004). A study of faecal worm egg counts (WEC) in sheep 
consigned to an abattoir described in Chapter Five showed that significant strongyle 
infections were evident in a large proportion of lamb lines consigned to slaughter. 
Large strongyle worm infections appeared to be less common in adult lines, 
presumably because the adult sheep had attained immunity to strongyle infection. 
The WEC were generally very low in the mature sheep, even in those that were 
actively scouring. 
Mature sheep that have attained immunity to strongyle worm infections 
generally do not develop high WEC (Chapter 2.2.1). However, mature sheep in the 
south west of Western Australia are still commonly affected by scouring and dag 
(Chapter Four). Mature sheep may fail to mount a sufficient immune response and 
develop significant worm burdens, the most common circumstances being ewes 
subject to the periparturient relaxation of resistance (Chapter 2.2.1) and extreme 
larval infection pressure, particularly in sheep affected by poor nutrition and/or 
overwhelming larval intake (Besier 2004). However, in these circumstances, 
scouring is generally associated with high WEC (“high WEC scouring”).  
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A genetically determined hypersensitivity to ingested trichostrongylid larvae 
has been implicated as a cause of scouring in susceptible sheep (Larsen et al. 1994; 
Larsen 1997; Larsen et al. 1999; Larsen 2000) and it has been suggested that the 
larval hypersensitivity scouring syndrome may explain many cases of “low WEC 
scouring” in the winter rainfall regions of Australia (Besier 1998b). However, there 
are no reports of the prevalence of larval hypersensitivity scouring syndrome in 
Australia and it remains largely a “diagnosis of exclusion” because currently there 
are no specific diagnostic tests or pathological findings to support a diagnosis of 
larval hypersensitivity scouring. 
In addition to larval hypersensitivity scouring syndrome, there are a wide 
range of potential infectious and non-infectious causes of scouring in adult sheep in 
the south west of Western Australia (Napthine 1988; Bath 2003). The potential 
causes of scouring in sheep in the south west of Western Australia are discussed 
more fully in the Literature Review (Chapter 2.2). Full diagnostic work-up of sheep 
affected by low WEC scouring is typically expensive and often unrewarding. As a 
result, many cases are not fully investigated and there is very little published 
information in the scientific literature on the commonly diagnosed causes of low 
WEC scouring in adult sheep in the south west of Western Australia. 
6.1.1  Aims and hypothesis 
The aim of this study was to investigate the causes of low WEC scouring in 
flocks of adult sheep in the south west of Western Australia. The hypothesis tested 
was that the well-described causes of scouring described in the Literature Review 
(Chapter 2.2) are uncommonly the cause of the “low WEC scouring syndrome” and 
that by exclusion, larval hypersensitivity scouring may be a common cause of the  
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low WEC scouring that is observed in adult sheep in the south west of Western 
Australia. 
6.2  MATERIALS AND METHODS 
6.2.1  Selection of flocks 
Producers, vets and consultants notified Murdoch University (Perth, Western 
Australia) of flocks of scouring sheep after hearing about the research project 
through articles that appeared in the Western Australian rural press (Farm Weekly), 
newsletters (CRT Kojonup, MerinoTech, Sheep Management and Production 
Consultants), field days (Dowerin Machinery Field Day, MerinoTech Field day) or 
by word of mouth. 
Requirements for inclusion in the investigation were that flocks of sheep had 
to be at least 12-months-old, actively scouring and with a mean flock WEC of 150 
epg or less (performed within two weeks of the visit). Where flocks had not had a 
recent WEC performed, a WEC was conducted at no cost to the producer. With the 
exception of the Bindoon and Tenterden properties, flocks of ewes with unweaned 
lambs were not selected to avoid sheep subject to PPRR. Where possible, ewes with 
a developed udder indicating that they were currently lactating were avoided for 
sampling in the Bindoon and Tenterden flocks. 
Flocks investigated for low WEC scouring 
Low worm egg count scouring was investigated in nine flocks of sheep over 
a three-year period (2002 – 2005). The location of the properties are shown in Figure 
6.1 and the type of sheep in the flocks are outlined in Table 6.1. In this thesis the 
properties from which flocks were investigated for low WEC scouring have been 
identified using the name of area in which they were located, usually the nearest 
town.  
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“Agzones” are used to categorise farming regions within the agricultural 
region of Western Australia, taking into account average rainfall and the length of 
the growing season (Anon. 2005). The Agzone in which a property is located can be 
used to describe general climatic features that may impact pasture growth and 
stocking rate as well as ecology and epidemiology of strongyle parasites. Agzones 
are discussed in more detail in Chapter 4.2.3. All of the farms except Bindoon and 
Dudinin were in Agzone 3. Dudinin was in Agzone 2. Bindoon is in the very high 
rainfall zone close to the junction between Agzone 2 and 3. 
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Figure 6.1: Location of the properties on which the low WEC flocks were located  
 
Table 6.1: Description of flocks investigated for low faecal worm egg count scouring 
Location Sample  Date  Rainfall
* Sheep  Breech  wool 
Kendenup 21  Aug  02  466mm  Mixed age Merino wethers  5 months 
Boyup Brook  30 Aug 02  535mm  Mixed age Merino wethers (15-months-old and older)  7 months 
Kojonup  18 Oct 02  417mm  4-year-old Merino ewes (lambs weaned)  <1 month 
Bokerup (orange)  16 Sept 03  645mm  Mixed sex Merino hoggets (13-months-old)  <1month 
Bokerup (mixed)  16 Sept 03  645mm  Mixed age Merino wethers (2-years-old and older)  <1 month 
Bindoon  26 Sept 03  780mm  Mixed age Damara and Damara cross ewes running with weaned and 
unweaned lambs of various ages (ewes sampled 2-years-old and older) 
n/a - hair sheep with 
variable amount of Merino 
Dudinin  8 Sept 04  315mm  Hogget Merino ewes (16-months-old)  6 months 
Tenterden  15 Sept 04  410mm  Mixed age Merino ewes (2.5-years-old and older) with unweaned lambs  9 months 
Broomehill  17 Sept 04  450mm  Hogget Merino wethers (14-months-old)  6 months 
 
*Rainfall figures shown are for the nearest Bureau of Meteorology rainfall sites for the year in which sampling took place.  
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6.2.2  Procedure 
Sheep were yarded on the same day as the visit so as to ensure that on 
examination most sheep had faecal matter in the rectum that was characteristic of the 
faeces being produced whilst grazing. A representative sample of sheep (minimum of 
100 sheep) was dag scored on a scale of zero to five using the scoring system 
outlined in the Chapter 3.2. Flocks of sheep that had been crutched within one month 
of the visit were dag scored on a scale of zero to three using the “modified dag 
score” (also described in Chapter 3.2). Faecal samples were collected per rectum 
from individual sheep and this allowed actively scouring and “normal” sheep to be 
identified. Faecal samples were collected at this time for WEC and larval 
differentiation that were performed using the methods described in the Chapter 3.1.1 
and 3.1.2 respectively. 
Actively scouring sheep with heavy dag (dag score four or five in uncrutched 
sheep, dag score three in crutched sheep) were identified and faeces were collected 
for WEC. Of the actively scouring sheep with heavy dag, approximately 20 sheep 
were selected at random and treated with a moxidectin drench (Cydectin Oral Drench 
for Sheep
®, Fort Dodge Australia Pty Limited) at a dose rate of 0.2mg/kg and a 100-
day slow release ivermectin capsule (Ivomec Maximizer Controlled-Release Capsule 
for Adult Sheep
®, Merial Australia Pty Limited) at a dose rate of one 160mg capsule 
per sheep. The treated sheep were identified with a red scourable stock marker spray 
and a plastic red disc placed over their ear tag. Another 10 to 15 untreated “control” 
sheep were also selected at random from the actively scouring sheep with heavy dag 
for WEC and these were identified with blue stock marker spray and ear disc. The 
numbers of treated/untreated actively scouring sheep were chosen so that at least 10 
treated and 10 untreated sheep that were scouring on the initial visit could be  
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identified at the follow-up visit in the event that the ear discs or stock mark were lost 
from some animals between the two visits. 
Actively scouring sheep with heavy dag and “normal” sheep (non-scouring, 
normal faecal pellets, no dag) were selected for post-mortem examination (PME). 
Sheep selected for PME were in body condition score representative of the flock. A 
lithium heparin blood sample was collected and sheep were euthanased with an 
intravenous pentobarbitone (Valabarb
®, Jurox Pty Ltd) at a dose rate of 
approximately 150mg/kg or were stunned with a captive bolt and exsanguinated. 
The pyloric junction was tied off using twine or a cable tie and the 
gastrointestinal tract was removed. Samples of the gut were collected for histology 
from the abomasum (fundus and pylorus), jejunum 1m (SI1) and 4m (SI2) distal to 
the common bile duct, ileum 1m proximal to the ileocaecal valve (SI3), ileocaecal 
valve (in 2004), caecum, colon 1m distal to the ileocaecal valve, spiral colon and 
distal colon. Liver, kidney, heart, skeletal muscle, mesenteric lymph nodes and any 
grossly visible lesions were also sampled. Tissue samples were fixed in 5% neutral 
buffered formalin. 
Sterile swabs were used to aseptically sample the small intestinal contents 
from 5m distal to the common bile duct and at any other sites where gross lesions 
were present. These were placed immediately in transport medium. Mucosal 
scrapings were taken from the caecum and colon using a scalpel blade and were air 
dried. 
The abomasum, proximal 6m of the small intestine (including the contents 
from these sites) were collected and processed for total worm counts (TWC) using  
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the method described in the Chapter 3.1.3. Pasture samples were collected for 
pasture larval counts using the method described in Chapter 3.1.4. 
The lithium heparin blood samples collected prior to euthanasia were used for 
the measurement of glutathione peroxidase (GSHPx) as an indicator of selenium 
status as described in Chapter 3.5. 
All of the samples collected at the PME were processed by the Animal Health 
Laboratories (Department of Agriculture, Albany and South Perth, Western 
Australia). Fixed tissue samples were embedded in paraffin wax blocks and sections 
were stained with haematoxylin and eosin (H&E). The results of the samples 
submitted were interpreted and reported by the pathologist, Dr David Forshaw 
(Animal Health Laboratories, Albany, Western Australia) as if the samples had been 
submitted for diagnostic purposes. 
The sheep identified as actively scouring at the time of the visit were 
subsequently checked between 21 and 49 days after the initial visit and treatment. At 
the follow-up visit, faeces were collected for WEC and faecal consistency 
measurements, specifically faecal dry matter (FDM) and in the later investigations 
faecal consistency score (FCS) was also measured. FDM and FCS measurements 
were made using the methods described in Chapter 3.3.1 and Chapter 3.3.2 
respectively. 
6.2.3  Statistical analysis 
Data were entered into an Excel spreadsheet (Microsoft Excel, Mac, 2004) 
and the statistical analysis of the data was performed using SPSS 11.0 for Macintosh 
OS X (Statistical Package for the Social Sciences, Chicago, IL, USA).  
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For analysis of total worm counts, a “total pathogenic index” (TPI) based on 
a  “points system” previously described (Gardiner and Craig 1961; McKenna 1981) 
and outlined in Chapter 3.1.3. 
The distribution of WEC, TWC and TPI were non-normal and variances 
differed on many occasions (Levene’s test of equality of error variance, p<0.05) 
therefore WEC, TWC and TPI were compared using the two-tailed non-parametric 
Mann-Whitney U test. Blood glutathione peroxidase levels and faecal consistency 
measurements were normally distributed and the variances were not significantly 
different (Levene’s test of equality of error variance, p>0.05) and so the results were 
analysed using univariate analysis of variance (ANOVA). 
Categorical data were analysed using a Chi-square test for significance, 
specifically Pearson Chi-square (two-sided significance) except where there was a 
cell with a count less than five in which case Fisher’s exact test (two-sided 
significance) was used. 
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6.3  RESULTS 
6.3.1  Dag distribution 
The distribution of dag within each flock examined is outlined in Table 6.2. 
Dag distribution varied considerably between the flocks. 
 
Table 6.2: Distribution of dag in each flock at the initial visit 
  Severity of dag (% flock) 
Absent Mild  Moderate  Severe 
Uncrutched sheep (dag score)  0 1-2 3 4-5 
Kendenup  30 40 13 17 
Boyup  Brook  15 25 20 40 
Dudinin  5  50 26 19 
Tenterden  0  15 12 73 
Broomehill  4  42 20 34 
Crutched sheep (modified dag score)  0 1 2 3 
Kojonup  39 20 21 20 
Bokerup  (orange)  32 37 19 12 
Bokerup  (mixed)  34 29 29  8 
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6.3.2  Worm egg counts and larval differentiation 
The results of the WEC are shown in Table 6.3 and the results of the larval 
differentiation are shown in Table 6.4. Individual WEC results for sheep that 
underwent PME are shown together with TWC results in Table 6.6. There was no 
significant difference in the WEC of the scouring or normal sheep on any of the 
properties (Table 6.3). There was a trend (p=0.07) to a lower WEC in the scouring 
sheep compared with the normal sheep on the Boyup Brook property. 
The mean WEC of the sheep from the Bindoon property had risen 
considerably in the week since the previous WEC was taken (flock mean 491 epg on 
26
th September, 2003 compared with 70 epg on 19
th September, 2003). The level of 
WEC at the time of the visit was indicative of possible helminthosis. The WEC on 
the other properties were well below the level (500 epg) at which scouring and ill 
thrift are generally seen (Kingsbury 1965). 
The larval differentiation (Table 6.4) showed that “scour worms” 
(Telordorsagia (Ostertagia) circumcincta and Trichostrongylus spp.) represented the 
greatest proportion of worm eggs on all properties with Haemonchus contortus 
identified in only one flock of sheep (orange tag mixed sex hoggets from the 
Bokerup property).  
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Table 6.3: Faecal worm egg counts (WEC) in scouring and normal sheep with non-
parametric test (Mann-Whitney U) for significance 
Property 
(date of sampling) 
WEC (epg SE (range) N) 
p-value 
Scouring sheep  Normal sheep 
Kendenup 
(August 2002) 
4219 
(0-550) N=33 
725325 
(400-1050) N=2 
n/a
 
Boyup Brook 
(August 2002) 
18058 
(0-1050) N=23 
204141 
(0-1800) N=13 
0.070 
Kojonup 
(October 2002) 
8772 
(0-2250) N=31 
44 
(0-50) N=13 
ns 
Bokerup (orange)
 * 
(September 2003) 
10426 
(0-400) N=27 
10018 
(0-200) N=12 
ns 
Bokerup (mixed)
  
(September 2003) 
6528 
(0-750) N=27 
11281 
(0-1000) N=12 
ns 
Bindoon 
(September 2003) 
476115 
(0-2100) N=27 
525168 
(0-1650) N=12 
ns 
Dudinin 
(September 2004) 
16365 
(0-1900) N=36 
15498 
(0-1300) N=13 
ns 
Tenterden 
(September 2004) 
3620 
(0-700) N=39 
7166 
(0-800) N=12 
ns 
Broomehill 
(September 2004) 
12631 
(0-1000) N=43 
6619 
(0-200) N=14 
ns 
All adult sheep 
13419 
(0-2250) N=286 
16335 
(0-1800) N=103 
ns 
 
n/a:   not applicable (WEC conducted on only two “normal” sheep) 
ns: no  significant  difference  (p>0.100) 
epg:  eggs per gram of faeces 
SE: standard  error 
N:  number of sheep sampled 
WEC:  faecal worm egg count 
* Larval differentiation on samples from Bokerup (orange) flock identified 8% Haemonchus contortus 
– no H. contortus were identified in any other flocks 
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Table 6.4: Larval differentiation for faecal worm egg count (WEC) from flocks 
investigated for low faecal worm egg count scouring 
Property 
Larval differentiation (%) 
Scouring sheep  Normal sheep 
Tel. Trich.  Haem.  Chab.  Tel.  Trich. Haem. Chab. 
Kendenup  23  77 0 0 - - - - 
Boyup Brook  28  70  0  2  0  92  0  8 
Kojonup
* 2  98  0 0  2  98  0  0 
Bokerup (orange)
* 27  64  8  1  27  64  8  1 
Bokerup (mixed)
* 7  93  0  0  7  93  0  0 
Bindoon
* 14  84 0  2  14  84  0 2 
Dudinin 29  71  0 0  2  98  0  0 
Tenterden 26  72 0  2 61  39  0 0 
Broomehill 27  44  0  29 48  50 0  2 
 
Tel:   Teladorsagia circumcincta 
Trich:   Trichostrongylus spp. 
Haem:   Haemonchus contortus 
Chab: Chabertia  spp. 
*Scouring and non-scouring faeces bulked for larval differentiation 
 
6.3.3  Total worm counts 
The results of the TWC following PME are shown in Table 6.5 (all sheep) and 
Table 6.6 (individual sheep). There was no significant difference in the total mature, 
immature or L3 worm count of abomasal or small intestinal strongyle worms in the 
scouring and normal sheep. 
The scouring sheep had significantly more L4 than the normal sheep (14 273 
versus 6300 L4, p=0.046). Specifically, the scouring sheep had more early L4 (EL4) 
larvae than the normal sheep (13 860 versus 5905, p=0.037), but there was no 
significant difference in the number of developing L4 (DL4). When categorised by  
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location of recovery, there were significantly more EL4 larvae recovered from the 
abomasal (4750 versus 987, p=0.037) and small intestinal (625 versus 45, p=0.009) 
contents and washings of the scouring sheep compared with the normal sheep. There 
was no significant difference in the number of EL4 larvae recovered in the abomasal 
digest of the scouring and normal sheep. 
The abomasal digest and contents/washings accounted for the largest proportion 
of EL4 recovered. Significantly more EL4 were recovered from the abomasum (digest 
and contents/washings) compared with the small intestine (p=0.001, Wilcoxon Signed 
Ranks Test) and significantly more EL4 were recovered from the abomasal contents and 
washings compared with the abomasal digest (p=0.007, Wilcoxon Signed Ranks Test). 
The TWC (excluding L3) and the TPI were not significantly different between 
the scouring and normal sheep, although there was evidence of a trend to a higher TWC 
(18 055 versus 9057, p=0.089) and TPI (4.5 versus 2.3, p=0.082) in the scouring 
animals. There was no significant difference in the TWC in sheep that were less than 
two-years-old (15 912 worms) compared with those that were more than two-years-old 
(12685 worms, Mann-Whitney U two-sided test p=0.278). 
Trichostrongylus colubriformis and Trichostrongylus vitrinus were the most 
common Trichostrongylus species isolated. Trichostrongylus axei was isolated in 9 of 
the 43 sheep, specifically Kojonup scouring 1, Bokerup (mixed) normal 1, normal 2, 
scouring 1, scouring 2, Bokerup (orange) normal 1, normal 2, scouring 1 and 
Broomehill scouring 1. 
No H. contortus was detected in any of the sheep that underwent PME. Light 
burdens of Trichuris spp. were observed in the large intestines of all sheep from the 
Broomehill property that underwent PME (less than 100 worms counted per sheep).  
Page 192  Chapter Six: On-farm Investigation of Scouring 
Table 6.5: Arithmetic mean total worm counts (TWC) for sheep from nine flocks 
investigated for low faecal worm egg count scouring with non-parametric test (Mann-
Whitney U test) for significance 
Parasite 
Total worm count (NSE (range))  p-
value  Scouring sheep  Normal sheep 
Number of sheep  22  21  - 
Tel. circumcincta  368127  (0-2000)  22491  (0-1300)  ns 
Trichostrongylus spp.  32251467  (0–27 050)  23481347  (0–28 600)  ns 
H. contortus  00  (0-0)  00  (0-0)  ns 
Nematodirus spp.  11869  (0-1200)  5237  (0-650)  ns 
Immature/L5  7030  (0-600)  13361  (0-1200)  ns 
L4  14 2733997  (100-72 050)  63001832  (150-31 350)  0.046 
DL4  414152 (0-2500)  395216  (0-4500)  ns 
EL4  13 8603895 (100-70 500)  59051733 (150-30 800)  0.037 
Abo. contents
*  47502169 (0-44 000)  987303 (0-4900)  0.037 
Abo. digest
*  79092928 (0-61 800)  44601602 (100-30 600)  ns 
SI contents
*  625505 (0-10 200)  4515 (0-200)  0.009 
Total  18 0554925 (100-86 600)  90572778 (150-50 400)  0.089 
L3  636138  (0-2250)  631178  (0-3650)  ns 
TPI  4.51.2  (0-21.8)  2.30.7  (0-12.7)  0.082 
 
SE: standard  error 
N: number  of  worms 
ns:   not significant (p>0.100) 
L4: fourth  stage  larvae 
DL4:  developing fourth stage larvae 
EL4:  early fourth stage larvae 
Abo: abomasum 
SI: small  intestine 
L3: third  stage  larvae 
TPI:  total pathogenic index 
* excluding the two scouring sheep and two normal sheep from Bindoon (combined EL4 reported) 
  
  
Table 6.6: Total worm counts and faecal worm egg counts of individual sheep from nine flocks investigated for low worm egg count scouring 
 
Property Sheep  Tel. Trich.  Haem.  Nem.  Immature DL4 EL4 Total  L3 TPI  WEC 
Kendenup  Scouring 1  1100  200  0  0  250  200  17 300  19 050  600  4.8  0 
 Scouring  2  600  0 0 0  50 100  2500  3250  200  0.9 0 
  Normal  1 50  4950 0  0  200  0 1250  6450  150 1.6 1050 
  Normal 2  50  2000  0  0  150  0  11 100  13 300  1000  3.3  400 
Boyup 
Brook 
Scouring 1  500  0  0  50  0  100  1850  2500  0  0.6  50 
Scouring 2  100  0  0  0  0  50  3200  3350  900  0.8  50 
 Scouring  3  0  0 0 0  0  0  900  900  100  0.2 0 
 Normal  1  50 0  0  0  0  0  300  350  0  <0.1  0 
  Normal  2 0  0  0  0  0  0 600  600  200 0.2  0 
  Normal  3 0  0  0  0  0  0 500  500  0  0.1  0 
Kojonup Scouring  1  0  0  0  0  0  0  100  100  0  <0.1  0 
 Scouring  2  0 1800  0 0  0  0  3600  5400  100  1.35 0 
  Scouring 3  2000  27 050  0  0  600  2200  54 750  86 600  1400  21.8  2250 
  Normal  1 50  0  0  0  50  0 1550  1650  100 0.4  0 
 Normal  2  50  400  0  0  0 50  4600  5100  500  1.3  0 
 Normal  3  0 100  0  0  0  0  1050  1150  100  0.3  0 
Bokerup 
(orange) 
Scouring 1  200  7550  0  0  100  0  10 850  18 700  900  4.7  250 
Scouring 2  50  50  0  0  0  100  1750  1950  50  0.5  0 
  Normal  1 50 1050  0  0  0  100  1600  2800  250 0.2 100 
  Normal 2  250  3650  0  0  50  350  6100  10 400  700  2.6  200 
Bokerup 
(mixed) 
Scouring 1  0  450  0  0  0  50  800  1300  650  0.3  0 
Scouring 2  0  150  0  0  0  250  7850  8250  900  2.1  0 
  Normal  1 1100  2450 0 0 350 150 2000 6050 400 1.6 1000
  Normal 2  50  1450  0  0  500  1350  13400  16 750  3650  4.2  50  
 
Table 6.6 (continued): Total worm counts and faecal worm egg counts of individual sheep from nine flocks investigated for low WEC scouring 
 
Property Sheep  Tel. Trich.  Haem.  Nem.  Immature DL4 EL4 Total L3 TPI  WEC 
Bindoon  Scouring 1  2000  400  0  0  200  700  28 100  31 400  0  8.0  500 
  Scouring 2  600  18 800  0  0  200  2500  16 400  38 500  100  9.7  2100 
  Normal 1  1200  28 600  0  0  1200  4500  14 900  50 400  0  12.7  1100 
 Normal  2  200 0 0  0  0  200  1000  1400  600  0.4 0 
Dudinin Scouring  1  50  900  0  200  0  200  3400  4750  100  1.1  50 
 Scouring  2  50  7500  0  150 0 100  5300  13  100  1150  3.2  900 
  Scouring 3  150  4400  0  1200  50  200  11 200  17 200  1650  4.0  350 
  Normal  1 0  0  0  0  0  0 550  550  750 0.1  0 
 Normal  2  0  2250  0  650  0  500  600  4000  1050  0.8  150 
Tenterden  Scouring 1  50  50  0  0  50  0  31 550  31 700  950  7.9  0 
  Scouring 2  150  300  0  0  50  200  21 550  22 250  1450  5.6  0 
 Scouring  3  50  0 0 0  0 150  6250  6450  2250  1.6 0 
 Normal  1  0  0 0  0  0 50  2450  2500  1400  0.6 0 
  Normal 2  50  0  0  0  100  200  12 850  13 200  1100  3.3  - 
  Normal  3 0  0  0  0  0  0 150  150 0 <0.1 0 
Broomehill Scouring  1  100  650  0  0  0  450  5200  6400  0  1.6  0 
  Scouring 2  350  700  0  1000  0  1550  70 500  74 100  550  18.3  0 
  Normal 1  1300  1750  0  450  50  550  30 850  34 950  1000  8.7  100 
  Normal 2  250  650  0  0  150  300  16 650  18 000  100  4.5  0 
 
TPI:   total pathogenic index         Tel:   Teladorsagia (Ostertagia) circumcincta     Trich.: Trichostrongylus spp. 
WEC:  faecal worm egg count (eggs per gram of faeces)  Haem.: Haemonchus contortus        Nem.:   Nematodirus spp.  
DL4: Developing L4 (fourth stage) larvae      EL4:   Early L4 (fourth stage) larvae      L3:   L3 (third stage) larvae 
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6.3.4  Pasture larval counts 
The results of the pasture larval counts are shown in Table 6.7. Pasture larval 
counts ranged considerably from 68 to 6424 larvae per kilogram of pasture dry 
matter (L3/kg pasture DM). 
The pasture larval counts appeared to fall within three distinctive categories, 
specifically “low” (less than 500 L3/kg pasture DM), “medium” (1000-2000 L3/kg 
pasture DM) and “high” (greater than 2000 L3/kg pasture DM). There were three 
properties with pasture larval counts less than 350 L3/kg pasture DM, three 
properties with counts between 1000 and 2000 L3/kg pasture DM and two properties 
with approximately 6000 L3/kg pasture DM. 
Teladorsagia (Ostertagia) spp. and Trichostrongylus spp. were the genera 
most commonly isolated. H. contortus was identified on one property, specifically 
Bokerup (Orange). 
  
 
Table 6.7: Pasture larval counts and differential counts of larvae recovered 
Property  Date of sampling 
Pasture larval count 
(larvae/kg DM) 
Larval differentiation (%) 
Teladorsagia Trichostrongylus Haemonchus Chabertia Nematodirus 
Kendenup August  2002  73  0  100  0  0  0 
Boyup Brook  August 2002  1052  4  94  0  0  2 
Kojonup
* October  2002  68  0  41  0  0  59 
Bokerup (orange)
 * September  2003  1780  14  67  5  0  14 
Bokerup (mixed)
* September  2003  1018  10  85  0  0  5 
Bindoon
* September  2003  6424  13  87  0  0  0 
Dudinin September  2004  767  25  75  0  0  0 
Tenterden September  2004  6140  22  76  0  1  1 
Broomehill September2004  330  100  0  0  0  0 
 
kg DM:  kilogram of pasture dry matter 
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6.3.5  Histology and pathologist’s interpretation 
There was histopathological evidence of recognised non-parasitic causes of 
diarrhoea in three of the 43 sheep that underwent post-mortem examination, 
specifically microabscessation and associated colonies of coccobacillary bacteria 
suggestive of yersiniosis in the small intestine of one normal sheep (Broomehill 
normal 1) and enteritis associated with coccidiasis in one normal sheep (Dudinin 
normal 2) and one scouring sheep (Bindoon scouring 1). However, Bindoon scouring 
1 also had a very high total worm count (31 000 worms excluding L3). 
There were no consistent differences in the nature or severity of 
morphological changes in the scouring sheep compared with the normal sheep. The 
most common histological finding was globule leukocyte hyperplasia of the small 
intestine and/or caecum and large intestine. Various degrees of enteritis were 
observed in 16 of 22 scouring sheep and 12 of 21 normal sheep (Pearson Chi-square 
p=0.284). The cellular infiltrate was described as “eosinophilic” in 20 of the 28 
sheep with evidence of “enteritis”, although this was a subjective assessment and the 
degree of eosinophilic infiltration varied between animals. There was no significant 
association between a diagnosis of “eosinophilic enteritis” in the small intestine and 
scouring (p=0.280). 
There was a trend towards histological changes consistent with 
gastrointestinal parasitism (including atrophy, clubbing, blunting and/or fusion of the 
small intestinal villi) being more commonly observed in the scouring sheep (14/22) 
compared with the normal sheep (8/21, Pearson Chi-square p=0.090).  
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6.3.6  Bacteriology 
The bacteriology from culture of the swabs taken from the small and large 
intestines and examination of mucosal scrapings by microscopy are shown in Table 
6.8. None of the PME identified pathogenic bacteria in conjunction with histological 
changes indicative of bacterial disease. This suggested that known bacterial agents 
were unlikely to be the primary cause of scouring in any of the flocks examined. 
Salmonella spp. was not cultured from any of the sheep that underwent PME. 
A normal sheep from the Broomehill property had histological changes 
suggestive of yersiniosis. A sample of small intestine taken 4m distal to the common 
bile duct had acute mucosal inflammatory lesions, specifically multiple lymphoid 
follicular development in submucosa associated with an overlying cluster of crypts 
distended by aggregates of polymorphonuclear neutrophils (PMNs) and occasional 
aggregates of PMNs within the lamina propria within which colonies of 
coccobacillary bacteria were seen. However, no Yersinia spp. could be cultured from 
small intestinal swabs taken from this region to support the diagnosis. Yersinia 
enterocolitica was cultured from the small intestine and large intestine of sheep from 
the Kojonup property, but there were no histological changes consistent with 
yersiniosis in any of the sheep from this property. The Y. enterocolitica cultured was 
not serotyped/biotyped and therefore possibly a non-pathogenic strain(s). 
Campylobacter-like organisms were observed in mucosal scrapings taken 
from sheep from Bokerup (mixed age wethers) and Tenterden, but there were no 
histological changes in any of the sheep consistent with campylobacteriosis. Large 
spirochaetes were observed in mucosal scrapings of the caecum and colon taken 
from one sheep from the Dudinin property. 
   
Table 6.8: Bacteriology of sheep from flocks investigated for low WEC scouring that underwent post-mortem examination 
Property  Sheep  Routine culture  Bacteria isolated  Salmonella Smear exam
* 
Kendenup  Scouring 1  No significant isolates    negative  negative 
  Scouring 2  No significant isolates    negative  negative 
  Normal 1  No significant isolates    negative  +++ Gram neg. rods 
(caecum & LI) 
  Normal 2  No significant isolates    negative  +++ Gram neg. rods (LI) 
Boyup Brook  Scouring 1  No significant isolates    negative  negative 
  Scouring 2  Mixed growth SI    negative  negative 
  Scouring 3  No significant isolates    negative  negative 
  Normal 1  No significant isolates    negative  negative 
  Normal 2  Mixed growth SI    negative  negative 
  Normal 3  No significant isolates    negative  negative 
Kojonup  Scouring 1  No significant isolates    negative  negative 
  Scouring 2  Heavy growth LI & SI  Pseudomonas aeruginosa (LI & SI) negative  negative 
  Scouring 3  Heavy growth SI  Pseudomonas aeruginosa (SI)  negative  negative 
  Normal 1  Heavy growth SI & LI  Pseudomonas aeruginosa (SI) 
Yersinia enterocolytica (LI) 
negative negative 
  Normal 2  Heavy growth SI and LI  Yersinia enterocolytica (SI & LI)  negative  negative 
  Normal 3  Moderate growth SI  Yersinia enterocolytica (SI)  negative  negative  
 
Table 6.8 (continued): Bacteriology of sheep from flocks investigated for low WEC scouring that underwent post-mortem examination 
 
Property  Sheep  Routine culture  Bacteria isolated  Salmonella Smear exam
* 
Bokerup 
(orange) 
Scouring 1  No significant isolates    negative  negative 
Scouring 2  Moderate growth SI & LI  Klebsiella pneumoniae (SI & LI)  negative  negative 
Normal 1  No significant isolates    negative  negative 
Normal 2  No significant isolates    negative  negative 
Bokerup 
(mixed) 
Scouring 1  No significant isolates    negative  Campy (caecum) 
Scouring 2  No significant isolates    negative  negative 
Normal 1  No significant isolates    negative  Campy (LI) 
Normal 2  No significant isolates    negative  Campy (LI) 
Bindoon  Scouring 1  No significant isolates    negative  negative 
  Scouring 2  No significant isolates    negative  negative 
  Normal 1  No significant isolates    negative  negative 
  Normal 2  No significant isolates    negative  negative 
Dudinin  Scouring 1  No significant isolates    negative  negative 
  Scouring 2  No significant isolates    negative  negative 
  Scouring 3  No significant isolates    negative  negative 
  Normal 1  No significant isolates    negative  Spiro (caecum & LI) 
  Normal 2  No significant isolates    negative  negative  
   
Table 6.8 (continued): Bacteriology of sheep from flocks investigated for low WEC scouring that underwent post-mortem examination 
 
Property  Sheep  Routine culture  Bacteria isolated  Salmonella Smear exam
* 
Tenterden  Scouring 1  Moderate growth SI  Yersinia kristensenii (SI)  negative  Campy (caecum & LI) 
  Scouring 2  No significant isolates    negative  - 
  Scouring 3  No significant isolates    negative  - 
  Normal 1  No significant isolates    negative  Campy (caecum & LI) 
  Normal 2  No significant isolates    negative  negative 
  Normal 3  No significant isolates    negative  negative 
Broomehill  Scouring 1  No significant isolates    negative  negative 
  Scouring 2  No significant isolates    negative  negative 
  Normal 1  Heavy growth SI & LI  Non haemolytic E. Coli negative  negative 
  Normal 2  Light SI & mod LI growth   Non haemolytic E. Coli negative  negative 
 
*Mucosal scraping examination for Campylobacter and Spirochaetes 
+++ Gram neg. rods: large number of Gram negative rods seen on scraping (no Campylobacter or Spirochaetes seen) 
Campy: Campylobacter-like organisms seen on smear examination 
Spiro: Occasional large Spirochaetes seen on smear examination 
SI: small intestine 
LI: large intestine  
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6.3.7  Selenium status 
The results of the blood glutathione peroxidase measurements are shown in 
Table 6.9. All of the properties in this study except for Dudinin were in regions 
known to experience selenium deficiency. Serum glutathione peroxidase (GSHPx) 
was above the reference range (>50 U/g Hb GSHPx) in all but seven sheep. All of 
the sheep with GSHPx below the reference range were from the Kojonup and 
Broomehill properties (Table 6.9). There was no history or histopathological 
evidence of nutritional myopathy in any of the flocks tested. Univariate analysis 
showed no significant difference (p>0.100) in the GSHPx levels in the scouring 
sheep compared with the normal sheep for any of the nine flocks, nor for the pooled 
data for all sheep tested.  
Subsequent testing of a further 10 animals from the same flock of four-year-
old ewes on the Kojonup property (Table 6.10) revealed that the flock glutathione 
peroxidase mean was below the reference range (mean flock GSPx 47.2 U/g Hb, 
N=16). On further investigation, the Kojonup property had a recent history of a 
reduction in the rate of application of selenium fertiliser and the sheep had not 
received any other form of selenium supplementation. Lambs weaned from the flock 
of ewes had not shown signs of nutritional myopathy. 
Subsequent testing and a flock mean GSHPx was not calculated for sheep 
from the Broomehill property (as was performed on the Kojonup property) because 
the owner chose to treat the flock with an oral selenium supplement immediately 
after receiving the PME results. Sheep from this property had a history of treatment 
with oral selenium supplementation nine months previously and had been grazing 
pasture top dressed with 300g/Ha selenium fertiliser in the previous two years 
sporadically during the autumn.  
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Table 6.9: Selenium status (glutathione peroxidase) in sheep that underwent post 
mortem examination at initial visit  
Property 
Scouring sheep  Normal sheep 
Sheep  GSHPx (U/g Hb) Sheep  GSHPx (U/g Hb) 
Kendenup  Scouring 1  110  Normal 1  158 
  Scouring 2  96  Normal 2  85 
Boyup Brook  Scouring 1  373  Normal 1  434 
  Scouring 2  304  Normal 2  322 
  Scouring 3  331  Normal 3  485 
Kojonup Scouring  1  23  Normal 1  39 
  Scouring 2  53  Normal 2  30 
 Scouring  3  28  Normal 3  71 
Bokerup (orange)  Scouring 1  163  Normal 1  127 
  Scouring 2  -  Normal 2  120 
Bokerup (mixed)  Scouring 1  132  Normal 1  108 
  Scouring 2  99  Normal 2  197 
Bindoon  Scouring 1  157  Normal 1  241 
  Scouring 2  183  Normal 2  320 
Dudinin  Scouring 1  371  Normal 1  546 
  Scouring 2  360  Normal 2  328 
 Scouring  3  309     
Tenterden  Scouring 1  318  Normal 1  197 
  Scouring 2  277  Normal 2  440 
  Scouring 3  109  Normal 3  218 
Broomehill  Scouring 1  75  Normal 1  47 
 Scouring  2  44  Normal 2  33 
TOTAL (meanSE)  N=18   17830  N=18  20439 
 
GSHPx (U/g Hb): Glutathione peroxidase (Units/gram Haemoglobin) 
SE: standard error 
N: number of sheep tested 
Values highlighted in bold are below 50 U/g Hb (reference range GSHPx > 50 U/g Hb)  
Page 204  Chapter Six: On-farm Investigation of Scouring 
Table 6.10: Serum glutathione peroxidase measurement of a random sample of sheep 
with dag from the same flock of four-year-old ewes at follow-up visit to Kojonup 
property 
Sheep   GSHPx (U/g Hb) 
Daggy 1
*  47 
Daggy 2  58 
Daggy 3  36 
Daggy 4  51 
Daggy 5  42 
Daggy 6  50 
Daggy 7  65 
Daggy 8  37 
Daggy 9  40 
Daggy 10  85 
GSHPx (U/g Hb): Glutathione peroxidase (Units/gram Haemoglobin)  
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6.3.8  Effect of moxidectin drench and ivermectin CRC 
The effects of treatment with a moxidectin oral drench and an ivermectin 
CRC on WEC and FCS are shown in Table 6.11 and 6.12 respectively. 
The treatment of sheep with a moxidectin drench and an ivermectin CRC was 
effective at reducing WEC on all of the properties tested (Table 6.11). The only 
flock on which all treated sheep did not have a zero worm egg count at the follow-up 
visit was Boyup Brook where one treated sheep had a WEC of 50 epg 22 days after 
treatment. 
There was no significant difference in the FDM content of the treated sheep 
compared with the untreated sheep at the follow-up visit in any of the flocks. In 
addition, there was no significant effect of treatment on the FCS in any of the flocks 
where FCS was also measured (Table 6.12). 
  
 
Table 6.11: Effect of treatment with a moxidectin drench and ivermectin controlled-release rumen capsules on faecal worm egg count (WEC) 
 
Property 
Day of 
final 
sample 
WEC (epg  standard error (range of WEC) number of sheep sampled) 
Treated sheep  Control sheep 
initial final initial  final 
Kendenup 29  4733 (0-550) N=17  -  4320 (0-250) N=14  - 
Boyup Brook  22  19576 (0-850) N=10  55 (0-50) N=10  210110 (0-1050) N=10  14578 (0-800) N=10 
Kojonup 49  1912 (0-150) N=10  00 (0-0) N=10  107 (0-50) N=10  7033 (0-300) N=10 
Bokerup (orange)  21  13037 (0-400) N=15  00 (0-0) N=12  6036 (0-300) N=10  3314 (0-100) N=10 
Bokerup (mixed)  21  9749 (0-750) N=15  00 (0-0) N=9  3015 (0-150) N=10  44 (0-50) N=13 
Bindoon 22  310134 (0-1700) N=15  00 (0-0) N=12  560161 (0-1300) N=10  564179 (0-1600) N=11 
Dudinin 33  3817 (0-350) N=22  00 (0-0) N=18  312175 (0-1900) N=12  1515 (0-150) N=10 
Tenterden 22  7038 (0-700) N=20  00 (0-0) N=16  00 (0-0) N=16  6464 (0-900) N=14 
Broomehill 21  12939 (0-700) N=21  00 (0-0) N=11  13551 (0-1000) N=20  8346 (0-500) N=11 
 
WEC:  faecal worm egg count 
epg:  strongyle worm eggs per gram of faeces 
N:  number of sheep sampled 
CRC: controlled-release  capsule  
 
Table 6.12: Effect of treatment with a moxidectin drench and ivermectin controlled-release rumen capsules on faecal consistency parameters 
with univariate analysis of variance (ANOVA) for significance 
Property 
Days since 
treatment 
Sheep (N)  Faecal Dry Matter (FDM%SE)  Faecal Consistency Score (FCSSE) 
capsule control capsule control p-value capsule control p-value 
Kendenup 29 17 16  17.70.9 18.20.6  ns -  -  - 
Boyup Brook  22  10 10  19.01.2 21.21.5  ns -  -  - 
Kojonup 49 10 10  21.11.5 19.51.5  ns -  -  - 
Bokerup (orange)  21  12 10  21.20.7 20.80.9  ns -  -  - 
Bokerup (mixed)  21  9 13  18.20.6 20.91.2  0.090 -  -  - 
Bindoon 22  12  11  - - - - - - 
Dudinin 33  18 10  15.80.4 15.80.6  ns  3.80.1 3.50.2  0.091 
Tenterden 22 16 14  18.60.6 18.20.6  ns  3.80.1 4.00.1  ns 
Broomehill 21  11 11  21.70.8 21.21.0  ns  3.80.1 3.90.2  ns 
Total   115 105  18.90.4 19.60.4  ns  3.80.06 3.80.07  ns 
 
FDM%: faecal dry matter (percent) 
FCS: faecal  consistency  score 
SE: standard  error 
N: number  of  sheep 
ns:  not significant (p>0.100)  
  
Page 208  Chapter Six: On-farm Investigation of Scouring 
6.4  DISCUSSION 
6.4.1  Dag distribution 
There was considerable variation in the distribution of dag in the different 
flocks in this study. The combined proportion of sheep with moderate or severe dag 
ranged from 30% to 85% However, in all of the flocks investigated, the 
producers/managers or their advisors felt that the level of scouring was unacceptably 
high in the flock. This raises two issues: Firstly what is a “normal” amount of dag in 
a flock? “Tolerance” to scouring and dag is subjective and thus differs between 
producers whereby a given incidence of scouring and dag may be accepted as 
“normal” or “tolerable” by some, but be considered a “problem” by others. 
Secondly, it is questionable as to whether any amount of scouring and severe dag is 
“normal” in a flock with established worm immunity (adult sheep) and where no 
other cause of scouring (such as a bacterial infection or large worm burdens) can be 
identified. These two issues could be further investigated to decide what level of 
scouring and dag warrants investigation and/or intervention at a flock level in 
different regions or environments. However, whilst the causes of “low WEC 
scouring” remain poorly understood, it will be difficult to ascertain the level of 
scouring that should be tolerated and what intervention(s) may prove useful. 
Interestingly most of the properties in this study had more than one flock of 
sheep affected by similar severity of dag, but time and staff constraints meant that 
not all flocks with low WEC scouring on the properties could be fully investigated. 
The variable distribution of dag between the different flocks in this study was 
presumably due to differences in faecal consistency and variation in the 
susceptibility of the breech to accumulate faecal matter (French and Morgan 1996). 
It was likely that there was considerable variation in both faecal consistency  
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(specifically the severity and duration of scouring) and susceptibility of the breech to 
accumulate faecal matter between the flocks in this study and these two factors are 
discussed separately in more detail below. 
Variation in duration and severity of scouring 
Faecal consistency is probably the major factor determining dag 
accumulation (Wesselink et al. 1995; Waghorn et al. 1998; Waghorn et al. 1999) 
and so the severity and the duration of scouring would have affected the degree of 
dag. Dag accumulation increases as the duration of scouring increases, therefore 
variable duration of scouring may explain why some flocks had a larger proportion 
of sheep affected by severe dag than others. Whilst all flocks had evidence of active 
scouring at the time of the visit, the extensive nature of sheep management of all 
nine flocks meant that it was difficult to assess accurately when scouring had 
commenced based on the history given by the producer. Indeed, it was the 
observation of dag accumulation that first alerted producers to the presence of 
scouring in the sheep in most instances. 
Variation in susceptibility of breech dag accumulation 
Whilst scouring is the main predisposing cause of dag development, other 
factors that influence dag accumulation may explain variation in the susceptibility of 
the breech to accumulate faecal matter, including wool length (Chapter 2.1.3) and 
breech conformation (Chapter 2.1.2). There was considerable variation in wool 
length between the flocks due to differences in the time since shearing or crutching 
(Table 6.1). Some flocks had been crutched shortly before the initial visit and the 
other flocks were crutched between the initial and the follow-up visit due to ongoing 
scouring and severe dag to prevent sheep losses due to breech blowfly strike. 
Utilization of two different scales to assess the dag severity in the recently crutched 
(less than one month) and uncrutched sheep (Chapter 3.2) was necessary, but would  
Page 210  Chapter Six: On-farm Investigation of Scouring 
have added some variability to the distribution of sheep affected by each “dag” 
severity class. It was likely that the modified dag scale used to assess crutched sheep 
would have underestimated the proportion of sheep affected by severe dag, but may 
have been more accurate at assessing the number of sheep with active scouring 
during the period since crutching. 
Differences in breech conformation could explain some of the variation in 
dag distribution that was observed, both between the flocks and between individual 
sheep within the same flock. Tail length, gender and the amount of loose skin around 
the anus have been shown to affect dag accumulation and aspects of the effect of 
breech conformation on dag accumulation are discussed in greater detail in the 
Literature Review (Chapter 2.1.2). Variations in breech conformation can be due to 
genetic differences or variation in the technique and subsequent outcome of surgical 
interventions, most notably tail docking and mulesing. 
The degree of variation of breech susceptibility to dag accumulation (either 
within flocks, between flocks on the same property or between flocks from different 
properties) and the subsequent effect of this on dag accumulation is not well 
described in the literature. Presumably sheep with a similar genetic background and 
subjected to the same management and husbandry practices (ie “within flock 
variation”) could be expected to exhibit less variation in susceptibility of the breech 
to accumulate dag compared with sheep from a diverse genetic background and 
subject to different management and husbandry practices(ie “between flock” or 
“between farm variation”).  
Faecal consistency versus dag accumulation 
All of the flocks examined included sheep that were actively scouring. Active 
scouring was a condition of inclusion in the study and producers were asked to  
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monitor this carefully up to the time of the visit. However, it is considerably more 
difficult and time consuming to assess faecal consistency in a large number of sheep 
compared with dag severity. In a study on “low WEC scouring”, measurement of 
faecal consistency on a large number of sheep may be a more appropriate 
measurement of scouring distribution than dag score because faecal consistency 
measurements are less susceptible to other factors that determine the susceptibility to 
dag accumulation, such as wool length and breech conformation. Nevertheless, as a 
“production issue” it needs to be remembered that dags are the “problem”, not 
scouring per se. Whilst scouring is the major risk factor for dag development, it is 
the dags that need to be removed with crutching and that are associated with breech 
blowfly strike in sheep.  
6.4.2  Parasitology 
WEC 
The WEC were not corrected for faecal moisture content in this experiment 
(Gordon 1981; Le Jambre et al. 2007). WEC are a measure of concentration of worm 
eggs in faeces and are influenced by the volume of faeces produced, rate of digesta 
passage and egg distribution in the faecal mass (Gordon 1967; Brunsdon 1970). As 
WEC is a measure of concentration of worm eggs, a higher daily faecal output will 
serve to lower WEC. If the “scouring” faeces contained significantly more water and 
thus the scouring sheep produced a higher daily faecal quantity by weight, it is 
therefore possible that WEC in the scouring sheep was underestimated compared 
with normal animals (Le Jambre et al. 2007).  In addition, larval yield was not 
measured in this experiment. Jørgensen et al (1998) showed differences in the 
developmental success of trichostrongylid parasite eggs from sheep of different ages 
and genotypes. It is possible that there were differences in the larval viability in the 
scouring and normal sheep that was not reflected in the WEC.   
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The WEC results in this study were consistent with other studies which found 
that susceptibility to severe dag is not associated with the size of WEC (Larsen et al. 
1994; Larsen et al. 1999). The results of the present study were also consistent with 
those in the abattoir study described in Chapter Five that found no significant 
association between scouring and mean WEC at a flock level for mature sheep 
(greater than one year of age). 
It is difficult to compare the magnitude of flock WEC of the sheep in this 
study with those of Larsen et al (1994) because there were some important 
differences in the design and statistical analyses of the two studies. In the study by 
Larsen et al (1994), ewes from three farms were split into four groups (mated or not 
mated and treated or not treated with a CRC) and 30% of the ewes in the four study 
groups were sampled for WEC on four different visits (37 days before lambing and 
35, 51 and 95 days after lambing). Lambs were weaned at the time of the final 
measurement. In contrast, all flock WEC in the present study were conducted on a 
single occasion and only the ewes on the Bindoon and Tenterden properties were 
grazing with lambs at the time of sampling. Secondly, in the study by Larsen et al 
(1994) the mean and the range of WEC values for ewes post-weaning were not 
quoted, rather the maximum post-lambing WEC of sheep in different dag categories 
and the geometric means of sheep in the four treatment groups and these were not 
split by dag category. Without this data, statistical comparison of the WEC in high 
and low dag ewes with the flock WEC of sheep in the present study was not 
possible. 
However, despite the differences in the two studies, the findings of the study 
by Larsen et al (1994) were similar to those in the present study whereby there was  
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no significant difference in the WEC of sheep with high dag scores compared with 
sheep with low dag scores. 
WEC of Bindoon flock 
The WEC had risen considerably in the flock on the Bindoon property during 
the period from the “screening WEC” to the initial visit seven days later. There were 
several possible reasons for this sharp increase in WEC. After obtaining a more 
detailed history, it transpired that sheep had been treated with an ivermectin drench 
prior to the screening WEC. After this treatment sheep were grazing what was 
subsequently shown to be heavily contaminated pastures (Table 6.6) resulting in a 
high level of larval challenge and reinfection after the drench. In addition, a 
subsequent faecal worm egg count reduction test conducted after the visit 
demonstrated that ivermectin resistance was present on the property with an 86% 
efficacy. Larval differentiation showed that ML resistance was evident in 
Teladorsagia (Ostertagia) circumcincta. 
There were several other contributing factors to the large parasite burdens in 
the adult ewes on the Bindoon property. The manager of the Bindoon property had 
not been weaning the lambs from the ewes. As a result, there was a wide age range 
within the flock (ranging from young lambs through to hoggets and mature ewes) 
grazing together in the one flock at a high stocking rate. The younger sheep that had 
not yet acquired a solid immunity to strongyle worms would have contributed to the 
heavy larval contamination of pasture (Table 6.6). The mature ewes were in low 
body condition. This was likely a result of inadequate pasture quality and 
availability, exacerbated by the finding that in many instances individual ewes were 
both pregnant and lactating. The large adult parasite burdens diagnosed on PME and 
high larval intake would have served to further reduce feed intake causing additional 
loss of body condition and in turn further compromising the capacity of the ewes to  
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mount an effective immune response to incoming larvae and established adult 
worms. 
The final diagnosis in the Bindoon flock was primary helminthosis, or “high 
WEC scouring”. Whilst not being relevant to this study on “low WEC scouring”, the 
findings serve a useful point in demonstrating two points to advisors. Firstly, flocks 
of sheep with seemingly low WEC may still be experiencing high TWC and WEC 
may increase very rapidly, over a matter of days if sheep are experiencing a high 
degree of larval challenge and concurrent nutritional stress. “High WEC scouring” 
(or helminthosis) should not be ruled out without performing TWC or sequential 
WEC over a longer period of time. Secondly, ML resistance should be considered as 
a cause of apparently low WEC in recently drenched flocks. 
Larval differentiation 
The strongyles isolated were primarily Trichostrongylus  spp. and 
Teladorsagia spp. These are the two genera most commonly implicated in scouring 
flocks in the winter rainfall region of Western Australia. All of the properties except 
Dudinin were located in (or very close to) Agzone 3. H. contortus outbreaks are 
uncommon in this region because the typical hot dry summers do not provide the 
concurrent moisture and warm temperatures required for H. contortus outbreaks in 
sheep. 
Trichostrongylid larvae from Tel. circumcincta and Trichostrongylus  spp. 
have been implicated as a cause of larval hypersensitivity scouring in adult sheep in 
western Victoria (Larsen et al. 1994; Larsen et al. 1999; Larsen 2000). Like the 
properties in the present study, western Victoria has a predominantly winter rainfall 
pattern with Tel.  circumcincta and Trichostrongylus  spp. the dominant strongyle 
parasites of economic importance in sheep. In one of the studies by Larsen et al  
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(2000), sheep susceptible to severe dag had increased faecal moisture after dosing 
with Tel. circumcincta and Trichostrongylus vitrinus larvae but did not subsequently 
develop large adult worm burdens  
Total worm counts 
The species of parasites identified on the TWC were typical for sheep in the 
winter rainfall zone of the south west of Western Australia. T. colubriformis, T. 
vitrinus and Tel. circumcincta are the three species of most importance in this region 
and this was reflected in the TWC. Immature worms, specifically L4 stages, 
accounted for the largest proportion of the total worm counts. 
Fourth stage larvae 
The scouring sheep had significantly more L4 compared with the normal 
sheep. The larvae were not identified by genus, but the largest proportion were EL4 
recovered from the abomasum contents/washing and digest (Table 6.5). This 
suggests that the majority of the EL4 were Tel. circumcincta as no adult H. contortus 
were identified on any of the TWC or noted visually on PME. In addition, H. 
contortus was identified on only one property (Bokerup Orange) on faecal larval 
differentiation (Table 6.4). 
Presumably a proportion of the increased numbers of L4 identified in the 
scouring sheep were arrested larvae. If the larvae were mainly developing EL4, then 
it would be expected that similar numbers would have been observed in both the 
scouring and normal sheep because both scouring and normal sheep would be 
expected to have similar levels of larval intake whilst concurrently grazing the same 
pasture. This may be a clue as to an immunological difference in these scouring 
sheep. However, with no definitive test available to distinguish arrested and 
developing L4, it cannot be assumed without question that the increased number of 
L4 observed were associated with an increased level of arrested development.  
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The occurrence of hypobiosis in sheep and cattle has been shown to vary 
around the world, ranging from zero to almost total. The patterns of hypobiosis of 
Tel. circumcincta in sheep in Western Australia is not well understood. Hypobiosis 
of Tel. circumcincta occurs as arrested L4 larvae in the mucosa of the abomasum. In 
contrast, hypobiosis of T. colubriformis occurs as arrested L3 larvae in the mucosa of 
the small intestine and is thought to mainly mediated by the immunity of the host 
with the proportion of larvae arrested increased in older animals as hosts become 
more resistant (Eysker 1978; Seaton et al. 1989; Dobson et al. 1990a). The TWC 
technique used may have underestimated the numbers of arrested L3 larvae in the 
small intestine because small intestine mucosal digests were not performed and some 
of the samples were formalised (Eysker 1978; Dobson et al. 1990a; Animal Health 
Laboratories 2005d). 
As well as the influence of host immunity on larval development, arrested 
larval development and hypobiosis may occur during adverse conditions with 
resumption of development when conditions for larval survival improve. In arid 
climates hypobiosis usually occurs during the dry season and development resumes 
towards the end of the dry season or at the break of season (Anderson 1972; 
Anderson 1973; Ogunsusi 1979; Eysker 1993; Jacquiet et al. 1995; Gatongi et al. 
1998; Ng'ang'a et al. 2004). The patterns of hypobiosis in Western Australia are not 
well described. The south west of Western Australia has a Mediterranean climate 
with hot dry summers and cool wet winters. In a winter-rainfall environment in 
southern Australia, larval acquisition is highest in the winter/spring months and other 
studies have found increased numbers of EL4 present in sheep during the cool wet 
winter months compared with summer months (Anderson 1972).  
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Host immunity and climatic conditions are most commonly implicated in 
hypobiosis of strongyle parasites (Eysker 1993), but other authors have suggested 
that the parasite may also act to maintain a proportion of the population in arrested 
development. It has been hypothesised that the presence of adult Teladorsagia 
(Ostertagia) spp. may also act as a feedback mechanism for the inhibition of larval 
stages and the removal of adults will remove the feedback inhibition and trigger the 
resumption of larval development (Reinecke 1983).  
Studies in the winter-rainfall area of western Victoria found that EL4 
numbers in three- and four-year-old Merino wethers were higher in the period 
August to December than January to April (Anderson 1972; Anderson 1973). 
Concurrent total worm counts from susceptible tracer sheep in the August to 
December period were low suggesting that the EL4 were inhibited and it was 
suggested that this presumed inhibition was the result of immunological factors, 
environmental factors or a combination of both (Anderson 1972). A similar pattern 
of inhibition of Tel. circumcincta was found in tracer sheep in South Australia, 
whereby presumed inhibited larvae reached maximum numbers in May to August 
(winter) with smaller numbers in September to November (spring), although the 
maximum number of inhibited larvae in the set stocked sheep occurred between 
December and May (Pullman et al. 1988). 
Parasitologists in Western Australia have not recognised hypobiosis as a 
“routine phenomenon” in Tel. circumcincta or Trichostrongylus spp. and has been 
considered a theoretical possibility at most (pers. com. R.B. Besier, Senior 
Parasitologist, Department of Food and Agriculture, Western Australia). L4 larvae 
are commonly observed that may well be inhibited, but with no definitive test 
available, it is difficult to distinguish inhibited from developing L4 larvae.  
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Presumably the widespread practice of summer drenching has removed populations 
of L4 larvae in the past and so resumption of development has not been identified 
when inhibited larvae would be expected to emerge, specifically the following 
autumn (as is noted with Ostertagia ostertagi in cattle in the same region). 
More recently, Western Australian parasitologists have observed apparent 
poor effects of summer drenching and considerable increases in WEC in some flocks 
of undrenched sheep over summer where conditions are especially unfavourable for 
larval survival on pastures (pers. com. R.B. Besier, Senior Parasitologist, 
Department of Food and Agriculture, Western Australia). As a result, parasitologists 
have started to question whether failure of summer drenching to remove L4 larvae 
due to anthelmintic resistance may provide one explanation for the apparent poor 
effect of summer drenching and what role hypobiosis might play in the 
epidemiology of helminthosis of mature sheep in the Mediterranean environment in 
the south-west of Western Australia (pers. com. R.B. Besier and R. Woodgate, 
Department of Food and Agriculture, Western Australia). 
Whilst there is no definitive molecular test or assay available to distinguish 
inhibited from developing EL4 larvae in sheep at PME, one method of distinguishing 
inhibited larvae is to maintain sheep indoors (thus preventing larval pick-up) for two 
weeks prior to slaughter after which time any remaining EL4 are assumed to be 
arrested (F. Jackson, pers comm). Any further study of the role of EL4 in scouring 
sheep, particularly pen work, could include this technique of preventing further 
larval pick-up for two weeks prior to slaughter to distinguish arrested and 
“developing” L3 ( T. colubriformis) and EL4  (Tel. circumcincta). Molecular 
speciation of larvae using PCR (Gasser et al. 1994; Schnieder et al. 1999) would  
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also allow for more accurate speciation of larvae than location of recovery and 
microscopy. 
The finding of increased numbers of L4 in the scouring sheep compared with 
the normal sheep is a novel finding and the mechanism by which L4 may be 
associated with scouring cannot be easily explained with the existing level of 
knowledge. If the level of arrested development is mediated mainly by host 
immunity as has been suggested by several authors (Eysker 1978; Seaton et al. 1989; 
Dobson et al. 1990a), then presumably genetic variation in the immune response 
could be expected. The repeatability of this finding needs to be investigated to see if 
increased numbers of L4 are a consistent and repeatable finding in scouring adult 
sheep with low WEC scouring compared with unaffected sheep. If higher L4 
numbers are consistently associated with low WEC scouring, then a revised TPI with 
an appropriate weighting for L4 numbers or the investigation of a “threshold” level 
of strongyle larval stages may be possible. It also provides a basis for further 
investigation of a potential pathophysiological mechanism(s) behind low WEC 
scouring.  
A possible mechanism for assessing the immature larval burden of Tel. 
(Ostertagia) circumcincta in live sheep is measurement of plasma pepsinogen. 
Investigation of the interaction between L4 and scouring could include examination 
of any association between plasma pepsinogen and scouring. Circulating plasma 
pepsinogen is commonly used as an aid in the diagnosis of ostertagiasis in cattle 
(Radostits et al. 1994). Plasma pepsinogen is probably best interpreted in 
conjunction with WEC (Stear et al. 1995) and may provide an estimate of the 
number and the size of adult Tel. (Ostertagia) circumcincta in the abomasum (Stear 
et al. 2000). Plasma pepsinogen is less likely to be useful for assessing inhibited  
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populations of L4 because the increase in plasma pepsinogen is generally associated 
with the development and emergence of developing larvae from the abomasal glands 
and subsequent mucosal damage (Berghen et al. 1993). Other authors have 
suggested that elevated plasma pepsinogen in “immune” animals with low WEC 
may be associated with a hypersensitivity reaction in the abomasum (Anderson 
1973; Armour et al. 1979). Chemical mediators released by the parasite may also be 
the cause of increased plasma pepsinogen (McKellar et al. 1986). A study of the 
effect of larval intake on scouring in sheep showed plasma pepsinogen concentration 
was related to the dose of infective larvae, but was not different between “high” and 
“low” dag sheep or sheep with and without diarrhoea (Larsen 1997). 
Larsen et al (2000) showed that even small amounts of L3 (2000 per week) 
dosed orally caused softer faeces in sheep susceptible to severe dag, but high doses 
of L3 (20 000 per week) had no effect on faecal consistency in sheep that were not 
susceptible to severe dag. However, no TWC were conducted on the sheep in this 
experiment and so L4 numbers cannot be compared in the scouring and normal sheep 
in the present study. 
Magnitude of total worm burdens  
Despite screening flocks for low flock WEC, some sheep selected for PME 
had high TWC. TPI can be used to assess the “pathogenicity” of a worm burden. 
Using the “points system” previously described (Gardiner and Craig 1961; McKenna 
1981) and outlined in the Materials and Methods (Chapter 3.1.3), 7 (18%) of the 38 
sheep had a combined TPI in excess of 5.0 and eight of the nine flocks had sheep 
with a TPI of 4.0 or higher. Combined scores in excess 2.0 are considered harmful in 
weaner sheep (Gardiner and Craig 1961) and whilst the associations between TPI 
and pathogenicity are less well described in adult sheep, combined scores in excess 
of 5.0 are considered harmful for mature sheep in Western Australia for reporting  
  Chapter Six: On-farm Investigation of Scouring  Page 221 
and interpretation by the Animal Health Laboratory (Animal Health Laboratories 
2005d). The significance of this finding is that whilst large worm burdens may not 
be apparent on a flock WEC, it is likely that a reasonably large proportion of sheep 
will still be harbouring worm burdens at a level generally considered to be harmful. 
It was not unreasonable to expect a number of sheep would have high TWC 
despite screening the flocks for low WEC. TWC are not normally distributed within 
a flock (Barger 1985; Stear et al. 1998; Gaba et al. 2005). Therefore in flock 
examinations, a number of animals need to undergo PME to be representative of the 
flock as a whole. It was not grossly apparent at the time of examination which 
animals had a high TWC. In addition, WEC do not reflect the size of immature 
worm burdens as only adult females lay eggs. In this study the immature worms 
accounted for by far the greatest proportion of the TWC (mean 81% of TWC 
excluding L3 were immature worms, range 22-100% immature worms). WEC results 
are also affected by both the number and the fecundity of the female worms and 
these factors in turn may be influenced by a range of factors, including host 
immunity. WEC are therefore less sensitive at predicting worm burdens in with a 
poorer correlation between WEC and TWC in mature sheep compared with young 
sheep (McKenna 1981). 
The sheep in this study were all old enough to have developed an effective 
immunity to strongyle parasites. Immunity to strongyle parasites is generally 
expressed via suppression of worm egg production and rejection of adult worms. 
Therefore, in this study host immunity to strongyle parasites likely served to lower 
egg output and reduce WEC. 
The finding that some scouring flocks with low flock WEC (<200epg) 
conducted on 10 to 20 sheep will still contain a proportion of sheep with worm  
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burdens, particularly immature worm burdens, that could be considered “large” is 
significant. This finding has been reported previously (Pullman et al. 1991) and may 
explain the commonly reported phenomenon whereby some scouring flocks with a 
low flock WEC cease scouring after treatment with an anthelmintic drench and the 
absence of a response to the same treatment in other flocks with a similar WEC. The 
practical application of this is that advisors can neither recommend or advise against 
an anthelmintic drench for scouring adult sheep flocks based on WEC alone. Even 
by testing a larger number of animals (>20 sheep) for WEC, large immature worm 
burdens and adult burdens with host-mediated immune suppression of worm egg 
output will not be detected. 
A PME and TWC is the only means of accurately assessing “suppressed” 
adult and immature worm burdens in sheep, but are expensive, time consuming and 
require that a number of sheep be slaughtered in order to draw any conclusions about 
the flock as a whole. Pasture larval counts may give an indication of likely larval 
intake but are also expensive, time consuming and interpretation needs to take into 
account host immunity and ability to reject incoming larvae and this cannot be 
quantified for individual sheep. There are also several problems associated with 
sampling of pasture so as to achieve a sample that is representative of larval 
distribution on the pasture that sheep will voluntarily consume and differences in the 
techniques used to collect and count the larvae that make interpretation and 
comparison of pasture larval counts difficult (Eysker and Ploeger 2000).  
Effect of group size, farm and year on total worm counts 
Two or three scouring and normal sheep were used for TWC from each of 
the nine properties. The decision was made to perform PME on sheep from a number 
of different properties and over a three-year period to gain a “representative sample” 
of sheep with low WEC scouring across the south-west of Western Australia. The  
  Chapter Six: On-farm Investigation of Scouring  Page 223 
finding of higher numbers of L4 in scouring sheep was previously unreported and 
warrants further investigation, particularly the effect of “flock”, “farm” and “year” 
on the number of L4 in scouring and normal sheep. It was not feasible to examine 
these effects in the present study, but these should be addressed in further 
investigations. 
Comparison TWC with other studies describing larval hypersensitivity scouring  
The results from the TWC in this study are compared to Larsen et al (1994) 
in Table 6.13. Geometric mean total worm counts were calculated from the data in 
this study and compared with those of Larsen (1994; 1997). Statistical comparisons 
of the worm burdens in the present study with those found by Larsen et al are not 
possible because the arithmetic means and standard deviations were not published in 
the above-mentioned studies. 
Sheep in the present study appeared to have smaller mean burdens of adult 
worms. This was especially apparent in the adult Teladorsagia (Ostertagia) spp. and 
the mean burdens of adult Trichostrongylus spp. were lower in the present study 
compared with all the groups in the previous study except for the “low WEC/high 
dag” sheep on Farm A (Table 6.13).  Scouring sheep in the present study appeared to 
have higher numbers of immature worms than the “high dag score sheep” in the 
earlier study. There was a similar trend in the “normal/low dag sheep” but the 
magnitude of difference in geometric mean WEC was smaller. 
Any difference in numbers of worms present in the present study and the 
earlier Victorian study (Larsen et al. 1994; Larsen 1997) may have been a reflection 
of different techniques of TWC used, the method of selection of sheep (random 
sample versus high/low WEC), differences in larval challenge, host immunity or 
parasite differences.  
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There were some important differences between the two studies and therefore 
several factors to consider when comparing the results of the present study and the 
previous studies conducted by Larsen et al in western Victoria (Larsen 1997; Larsen 
et al. 1999). 
Firstly, in the Victorian study sheep were categorised as high (dag score  4) 
or low (2) dag score. Sheep were then selected for PME on the basis of having the 
highest or lowest WEC in each group and therefore were not a random selection of 
sheep from the “high dag” and “low dag” groups (Larsen et al. 1994; Larsen 1997). 
In contrast, sheep were randomly selected from the “high dag and actively scouring” 
group and the “no/mild dag, no scouring” (“normal”) group in the present study. 
Secondly, geometric mean numbers of “adult” and “immature” worms 
(combined EL4, DL4 and L5/immature adults) were quoted in the Victorian study 
(Larsen 1997). As the larval stages were not reported separately, comparisons of the 
different larval stages could not be made. The Victorian study quoted “immature” 
worms by genus (Larsen 1997) that were speciated by the location from which they 
were recovered following collection and formalisation of contents and an abomasal 
digest (John Larsen, pers comm.), as was the case in the present study.  
Thirdly, there were presumably subtle differences in the TWC technique used 
in the two studies. The Victorian study used the TWC method described by 
Anderson (1972). In both the Victorian study and the present study, pepsin digests 
were used only for the abomasum (and not the small intestine) and the contents were 
formalised (John Larsen, pers comm). Formalising gastrointestinal contents may 
have resulted in underestimation of inhibited L3 in the small intestine (Eysker 1978; 
Dobson et al. 1990a; Animal Health Laboratories 2005d).  
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Finally, there was no comment made as to whether any of the sheep were 
actively scouring or not at the time of PME and TWC in the Victorian study (Larsen 
et al. 1994; Larsen 1997). 
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Table 6.13: Geometric mean total worm counts of sheep in present study and a 
previous study of daggy ewes in western Victoria describing larval hypersensitivity 
scouring syndrome (Larsen et al. 1994; Larsen 1997). 
  Telador. Trich.  Nem.  Imm. Total 
Scouring
*/high dag score (dag score 4 or 5) 
Larsen farm A WEC (N=3)  4133 4546  0  1218 9897 
Larsen farm A WEC (N=3)  1756 102  0  534 2392 
Larsen farm B WEC (N=4)  5247 5036 27 4570  14880 
Larsen farm B WEC (N=2)  1146 1348  0  2143 4637 
Present study (N=22)
# 151  373  45  6174  7717 
Normal
*/low dag score (dag score 0 or 1) 
Larsen farm A WEC (N=3)  8010 4749  0  1181  13940 
Larsen farm A WEC (N=3)  4846 955 18 1560  7379 
Larsen farm B WEC (N=2)  8568 6000 122 3712  18402 
Larsen farm B WEC (N=4)  1207 1367 26  562 3162 
Present study (N=21)
# 92  279  34  2542  3450 
 
*Scouring status in high and low dag scores ewes unknown in previous study 
# Geometric mean of N worms+25 
N: number  of  sheep 
WEC:  sheep with highest faecal worm egg count in group 
WEC:  sheep with lowest faecal worm egg count in group 
Telador.: Teladorsagia (Ostertagia) spp. 
Trich.:  Trichostrongylus spp. 
Nem:  Nematodirus spp. 
Imm.:  Immature worms (EL4, DL4 and L5/immature adults) 
Total:   Total worm count (excluding L3 / third stage larvae)  
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Pasture larval counts 
It is generally assumed that an adult Merino sheep of approximately 50kg 
bodyweight consumes about 1kg of herbage dry matter per day with an intake of 2% 
bodyweight, although intake may be influenced by a number of factors relating to 
both the sheep and the diet (Weston 2002). Larval intake can therefore be estimated 
based on an average daily intake of 1kg of herbage dry matter. Larsen (2000) 
demonstrated that 2000 L3 per week was effective at inducing diarrhoea in adult 
sheep susceptible to severe dag. All of the flocks except for Kendenup and Kojonup 
had an estimated larval intake in excess of 2000 L3 per week. 
In addition to the potential to trigger larval hypersensitivity scouring, there is 
some evidence to suggest that some production losses may be evident in sheep 
grazing heavily contaminated pastures. Potential production losses associated with 
larval intake have been discussed in more detail in Chapter 5.4.4. 
Pen experiments have shown production losses may occur when weaner 
sheep ingest more than 400 T. colubriformis per day (Steel et al. 1980) and field 
experiments have shown production losses are detectable with the ingestion of levels 
as low as 150 larvae per day of Trichostrongylus spp. (Brown et al. 1985; Pullman et 
al. 1991). Assuming consumption of 1kg herbage dry matter, five of the eight farms 
had an estimated pasture larval intake in excess of 400 larvae per day and six of the 
eight farms had an estimated pasture larval intake in excess of 150 larvae per day 
and therefore production losses could be expected in weaner sheep grazing these 
paddocks. However, all of the sheep in this experiment were greater than 15 months 
of age and there is relatively less data on the effects of larval intake on production in 
adult sheep.  
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Grazing adult Merino sheep with a well-developed resistance to T. 
colubriformis and challenged with 12 000 L3 per week for four weeks then 20 000 L3 
per week for six weeks grew 11% less wool than unchallenged control sheep (Barger 
and Southcott 1975). Depression of wool growth (relative to unchallenged control 
sheep) occurred with as few as 1000 L3 per week, but the magnitude of depression 
did not depend on the severity of the challenge (Barger and Southcott 1975). A 
recent study showed that ongoing larval intake of 80 T. colubriformis L3 per 
kilogram bodyweight per week was associated with a 16% reduction in the gross 
efficiency of use of metabolisable energy for net energy deposition associated with 
maintaining the established immunity in 17-month-old immunologically competent 
ewes (Greer et al. 2005). 
The major mechanism by which strongyle parasites result in production 
losses is depression of feed intake. The reduction of intake may be responsible for as 
much as 60 to 90% of the reduction in performance observed during nematode 
infections (Coop and Holmes 1996; van Houtert and Sykes 1996). The depression in 
feed intake is typically transitory and the degree to which intake is depressed in 
parasitised sheep lessens as animals acquire resistance to infection or following 
treatment with an anthelmintic (Kyriazakis et al. 1996; Kyriazakis et al. 1998). 
Consequently, production losses are generally lower in adult sheep that have 
acquired immunity to strongyle infections compared with younger sheep that have 
not yet developed a solid immunity to strongyle parasites. However, there is a 
considerable nutritional cost associated with mounting and maintaining the immune 
response that has been estimated at 15-16% of maintenance requirement in adult 
ewes (Sykes 1994; Greer et al. 2005). Other recent work into the effect of nutrient 
partitioning has suggested that the immune response to larval intake may result in an  
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increase in the protein requirements of sheep in late pregnancy and early lactation 
that cannot be met by pastures in a Mediterranean environment resulting in a nutrient 
deficiency relative to demand (Liu et al. 2003). 
6.4.3  Treatment with effective drench and anthelmintic CRC 
There was no appreciable difference in FDM or FCS in sheep treated with a 
moxidectin drench and an ivermectin CRC. This was surprising given results 
obtained by other workers suggesting that both albendazole and ivermectin CRC 
treatment reduced dag scores in adult sheep in similar environments to the properties 
in this study with a predominantly winter rainfall pattern. Larsen (1994) found that 
treatment of ewes with an albendazole CRC reduced the prevalence of severe dag 
such that untreated ewes were between 12 and 16 times more likely to be affected 
with severe dag than treated ewes on three farms in western Victoria. 
Ivermectin has been used to investigate the effect treatment with CRC on dag 
score in Western Australia and several studies have found that treatment tends to 
reduce mean dag score and the number of sheep affected by dag. One such trial was 
conducted on the same Bokerup property as was investigated in this project and 
found that treatment with an ivermectin CRC (Ivomec Maximizer Controlled-
Release Capsule for Adult Sheep
®, Merial Australia Pty Limited) reduced the mean 
dag score considerably with a mean dag score of 0.5 in the treated sheep compared 
with 1.8 in the untreated sheep (Besier 1998a). In addition, only four of the 20 
treated sheep had dag compared with 17 of the 18 untreated sheep. A similar trial 
conducted concurrently on a nearby property in Unicup had comparable results with 
a mean dag score of 0.3 in the treated sheep and six of the 20 treated sheep affected 
by dag compared with a mean dag score of 1.8 in the untreated sheep and 20 of the 
24 untreated sheep affected by dag (Besier 1998a). A New Zealand study also found  
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that treatment with ivermectin CRC significantly reduced dag score compared with 
untreated sheep (Gogolewski et al. 1997b). However, another Australian study found 
no significant difference in the dag score of adult ewes, although in this case the dag 
scores remained low in both the treated and untreated ewes (Allerton et al. 1998). 
Several studies have also demonstrated reduction in dag scores in young 
sheep following treatment with ivermectin CRC (Gogolewski et al. 1997a; Allerton 
et al. 1998; Rehbein et al. 1999) or a moxidectin drench and an albendazole CRC 
(Macchi et al. 2001). However, Webb Ware (2000) found no observed benefits of 
treatment with albendazole CRC on dag score in young sheep. 
There were several important differences between the methodology and 
measurements used by the previous studies described above and those used in the 
present study. Firstly, the present study examined the effect of treatment with a CRC 
in sheep that were scouring and had been for some time, whereas most other studies 
involved treatment of sheep prior to the onset of severe scouring. Secondly, the 
present study used measurement of faecal dry matter and faecal consistency whereas 
most other studies measured differences in dag score between treated and control 
sheep. Thirdly, in the present study measurements of faecal consistency were made 
between three and seven weeks after treatment with a CRC whereas in other studies 
measurement of differences in dag score was made after a longer time interval. 
Finally, the present study examined the effect of an ivermectin CRC and a 
moxidectin drench whereas several other studies have used albendazole CRC and a 
drench may not have been given at the time of CRC treatment. These differences are 
discussed in more detail below.  
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Timing of treatment with CRC  
This study examined effect of CRC in adult sheep that were actively scouring 
at the time of treatment. Several other investigations examining the effect of 
treatment with CRC involved treatment of sheep earlier in the season before sheep 
were exposed to high levels of larval intake and possibly before scouring 
commenced. In other studies where sheep were daggy at the time of treatment, some 
sheep may have ceased scouring by the time of treatment. For example, in the 
previous study on the same Bokerup property (Besier 1998a), sheep were treated 
with CRC much earlier in the season, specifically 30
th June 1998 compared with 16
th 
September 2003 in the present study. In both studies a large proportion of the flock 
were affected by severe dag and were crutched at the time of treatment, but there 
was no indication what proportion of the treated sheep or the controls were actively 
scouring at the time of treatment in the 1998 study. Likewise in two separate studies 
in Western Victoria, diarrhoea and dag was evident at the time of CRC treatment on 
only one of the three farms but it was not noted if sheep were actively scouring at the 
time of treatment (Larsen et al. 1994; Larsen et al. 1995a). 
In studies by other authors, measurements of dag score were based on 
comparing the difference in dag between treated and untreated sheep as dag 
“developed” in the flock (Gogolewski et al. 1997a; Gogolewski et al. 1997b; 
Allerton et al. 1998; Besier 1998a; Rehbein et al. 1999; Webb Ware et al. 2000; 
Macchi et al. 2001). In all these studies, it appears that the CRC were being used 
largely as a “preventative” whereby sheep were treated earlier in the season rather 
that as a “treatment” once sheep were actively scouring or had been scouring for 
quite some time. It is therefore possible that CRC may be more effective at 
preventing dag if given to sheep prior to the onset of scouring or earlier in the 
duration of scouring.  
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It is possible that the three week interval following treatment with CRC was 
not a sufficient interval to observe an effect on faecal consistency. Restoration of 
normal mucosal architecture of the small intestine takes two to three weeks 
following severe damage by T. colubriformis in young sheep (Angus et al. 1979). 
The effect of treatment with a moxidectin drench and an ivermectin CRC capsule on 
faecal consistency at repeated intervals over an extended period of time warrants 
further investigation. 
Larval intake and antigenic stimulation 
All of the flocks in this study were exposed to some degree of ongoing larval 
challenge. The pasture larval counts showed that all of the flocks except for 
Kendenup and Kojonup had an estimated larval intake in excess of 2000 L3 per week 
which was shown to be sufficient to cause scouring in sheep susceptible to severe 
dag (Larsen 2000).  
It is possible that there was ongoing antigenic stimulation of the sheep treated 
with ivermectin CRC (Leathwick et al. 2002). It is not clear exactly how long it 
takes for larvae to be killed in sheep treated with an ivermectin CRC and this may be 
complicated in the presence of ML resistance resulting in poor drug efficacy against 
L3 larvae (Barnes et al. 2001). Indeed, it is possible that whilst the ivermectin CRC 
may have been effective at killing incoming larvae, the larvae may not have been 
killed quickly enough to eliminate the triggering of a hypersensitivity response. In 
contrast, TWC on sheep treated with albendazole CRC have shown that the EL4 are 
killed at a very early stage (N. Anderson, pers comm).  
It is also possible that there was sufficient contact between dead or dying 
larvae and the gastrointestinal mucosa in the treated sheep to trigger a 
hypersensitivity response. There is evidence that antigenic stimulation may arise  
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from the cuticle of the L3 larvae (Huntley et al. 2001). It is therefore possible that 
once the immune system is sensitised to larval antigen from incoming larvae, contact 
between dead or dying larvae may be sufficient to trigger an immune response. 
However, other studies have suggested that antigenic stimulation may be suppressed 
following treatment with CRC (Williamson et al. 1995; Sutherland et al. 1999). 
Faecal consistency and dag score comparisons 
Investigations of the effect of treatment with CRC generally compare 
severity of dag in treated and untreated sheep at a specified time after treatment 
(Larsen et al. 1995a; Gogolewski et al. 1997a; Allerton et al. 1998; Rehbein et al. 
1999; Webb Ware et al. 2000; Macchi et al. 2001). However, in this study FDM and 
FCS were used to assess difference in faecal consistency. 
Comparisons of dag score between treated and untreated sheep were not 
possible in this study because affected sheep had already accumulated extensive dag. 
Severe dag does not resolve without crutching and once sheep had developed severe 
dag, it was not possible to assess if more or less faecal matter had accumulated since 
treatment. In addition, most of the flocks in this study required crutching between 
treatment and reassessment to prevent breech blowfly strike which further 
complicated any comparisons of dag before and after treatment. For these reasons, 
change in dag score following treatment or comparisons of dag score between 
treated and untreated sheep could not be measured with any sort of accuracy or 
consistency.  
FDM was chosen as a measurement of faecal consistency because it is an 
objective measurement that is sensitive to small changes and FDM is reasonably 
well correlated with FCS (Larsen 1997). FCS is somewhat more subjective and less 
sensitive to small changes compared to FDM. After the first six flocks, it became  
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apparent that FDM was not different between the treated and control sheep and so 
FCS were also measured.  
It is possible that the mechanism by which CRC reduced dag development in 
other studies was not by causing changes in faecal consistency and therefore FDM 
may not be the best measurement to predict propensity to dag development. This is 
unlikely given the large body of work that has found faecal consistency a major 
determinant of dag development (Morley et al. 1976; Watts and Marchant 1977; 
Watts et al. 1978; Pownall et al. 1993; Waghorn et al. 1998) and faecal dry matter 
has been shown to be reasonably well correlated with faecal consistency (Larsen 
1997; Waghorn et al. 1998). 
Dags are generally considered to be a “cumulative indicator” of scouring and 
therefore may reflect changes in faecal consistency over a longer period of time. Dag 
accumulation may thus be considered as an “indirect” assessment of faecal 
consistency over time and is therefore a slightly different parameter than a single 
measurement of FDM or FCS. In addition, faecal moisture and faecal consistency 
are not influenced by variations in the propensity of the breech to accumulate dag 
(breech conformation, wool length, etc) as is the case for dag.  
The only other reported study of CRC treatment in which FDM and FCS 
were measured found no significant difference in either measurement between sheep 
treated with albendazole CRC and untreated sheep that were dosed with Tel. 
circumcincta and Trichostrongylus spp. (Larsen 2000). In the same study, only one 
(5.6%) of 18 sheep treated with CRC had a dag score of 2.0 or more compared with 
22 (30.1%) of 72 untreated sheep that also received L3 (Larsen 1997). However, the 
mean dag score in each treatment group was not given so it remains uncertain as to 
whether FCS or FDM were appropriate predictors of mean dag score in treated and  
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untreated sheep. It was also noted that the severity of breech soiling was not as great 
as was seen on commercial farms.  
Sheep susceptible to severe dag are predisposed to increased faecal moisture. 
Larsen (2000) found a significant difference between the FDM of ewes that were 
classified as susceptible to severe dag and ewes classified as not susceptible to 
severe dag. This difference was present before larval dosing commenced, persisted 
for 13 weeks of larval dosing and continued in the following summer and autumn. It 
was suggested that this may have been due to an underlying physiological difference 
in sheep susceptible to severe dag (Larsen 2000).  
Controlled-release capsule anthelmintic active ingredients 
Both albendazole and ivermectin CRC have been used in the various studies 
described previously (Chapter 6.4.3). A comparison of the effect of ivermectin and 
albendazole CRC found that there was no effect of active ingredient on dag weight 
or dag score (Leathwick et al. 2002). 
It was possible that treatment with an ivermectin CRC had no effect on faecal 
consistency due to either inherent differences in pharmacology (specifically the time 
taken to kill incoming larvae) or due to ivermectin resistance. Ivermectin resistance 
results in poor efficacy of the drug against the L3 and adult worms (Barnes et al. 
2001). There is evidence that efficacy of CRC to prevent establishment of larvae in 
the presence of resistance to the active ingredient is variable. Treatment with an 
albendazole capsule and an ivermectin drench reduced the prevalence of dag in ewes 
despite the presence of BZ-resistance (Larsen et al. 1995a) and other studies have 
shown administration of the active ingredient via CRC can be more effective against 
resistant parasites than oral drenching (Le Jambre et al. 1981; Fisher et al. 1992). 
However, other studies have demonstrated a failure of CRC to prevent establishment  
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of incoming T. colubriformis and Tel. circumcincta larvae in the presence of 
resistance to the active ingredient (Sutherland et al. 1997; Barnes et al. 2001; 
Leathwick et al. 2002).  
Anthelmintic resistance to ivermectin drenches was common in Western 
Australia during 2002-2004 (Palmer et al. 2000; Besier and Love 2003). There was 
evidence of resistance to ivermectin on the Bindoon property (86% efficacy). A 
FECRT had been performed on the Kendenup, Boyup Brook, Bokerup and 
Broomehill properties that showed no evidence of resistance to ivermectin on the 
most recent test. The Kojonup, Dudinin and Tenterden properties had not performed 
a recent FECRT. 
A FECRT would detect failure of the CRC to kill L4 that were not arrested 
and continued to develop into the patent adult stage because eggs would be detected 
at 10-14 days post-treatment. However, if the treatment was not fully effective 
against inhibited L4 stages, then this would not be detected and failure of ML 
treatment to kill inhibited larvae could therefore go undetected using a FECRT. In 
order to establish the efficacy of the CRC against inhibited L4, it would be necessary 
to euthanase sheep for PME and conduct a TWC to determine if L4 had survived the 
treatment. Failure of ivermectin to kill inhibited cyathostomes (small strongyles) 
encysted in mucosa where the same drug was effective against adult stages and 
luminal larvae has been demonstrated in horses using TWC post-mortem (Klei et al. 
1993; Monahan et al. 1996; Sangster 1999). 
Young sheep with a high WEC are generally used for FECRT so that the 
WEC are sufficiently high to ensure the statistical accuracy of the test. The level of 
larval intake is usually high for young sheep with “high WEC” grazing pasture in the 
spring months, and so it is unlikely that there would be an absolute failure of any  
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“resistant L4” to develop into patent adult stages. The pattern of arrested 
development in young sheep in WA is not well described, but is likely to increase 
with age as sheep develop immunity to the parasite. Therefore it is possible that ML 
resistance of inhibited larvae in older sheep, which are usually unsuitable for FECRT 
due to the strongyle immunity and subsequent low WEC, may have been 
underestimated in Western Australia.  
6.4.4  Bacteriology 
Yersiniosis was considered in two of the flocks, Kojonup and Broomehill. 
Diagnosis of Yersiniosis is based on distinctive histopathological findings and 
identification of the causative organism (Glastonbury 1990; Slee and Button 1990; 
Philbey et al. 1991; Gumbrell 2000). Yersinia enterocolitica was cultured from 
intestinal swabs taken from the sheep from the Kojonup property, but there were no 
histological changes to support a diagnosis of Yersiniosis. It is not uncommon for Y. 
enterocolitica to be cultured from sheep with no associated histopathological 
changes (Slee and Button 1990). The Y. enterocolitica that was cultured was not 
serotyped/biotyped and was therefore likely a non-pathogenic strain (Glastonbury 
1990; Gumbrell 2000). 
One normal sheep from the Broomehill property had histological changes 
suggestive of Yersiniosis but no Yersinia spp. could be cultured from small intestinal 
swabs taken from this region to support the diagnosis. The microabscessation 
observed appears to be specific to Yersiniosis and is considered pathognomonic for 
the condition (McSporran et al. 1984; Slee and Button 1990; Philbey et al. 1991). 
This is an uncommon histopathological finding in Western Australia with very few 
cases of confirmed Yersiniosis (pers. comm. David Forshaw, pathogist, Department 
of Food and Agriculture Western Asutralia).  
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Interestingly, there was evidence of marginal selenium status on both the 
properties (Kojonup and Broomehill) where Yersiniosis was considered. Selenium 
deficiency has been shown to depress immune function by reducing resistance to 
microbial and viral infections and also affecting the virulence of invading organisms 
(Radostits et al. 1994; Beck and Matthews 2000; McClure 2003). These changes 
may render selenium deficient animals more susceptible to infectious disease, but 
there is little evidence to indicate that naturally occurring selenium deficiencies are 
associated with an increase in the incidence or severity of infectious diseases in 
sheep (Radostits et al. 1994). 
Campylobacter-like organisms were seen in sheep from Bokerup (mixed age 
wethers) and Tenterden, but there were no histological changes in any of these sheep 
consistent with Camperlobacteriosis. C. jejuni and C. coli are commonly present in 
healthy sheep. Diagnosis of yersiniosis is based on a combination of history of recent 
“stress” (husbandry procedures, overcrowding, inclement weather and/or nutritional 
stress), clinical signs, histopathological findings, identification of the causative 
organism from mucosal scrapings from the caecum and colon and by culture of the 
causative organism (Glastonbury 1990). 
Large spirochaetes were observed in the histological sections and mucosal 
scrapings from the caecum and colon of one sheep from the Dudinin property. The 
significance of spirochaete infections in sheep is largely unknown. There is no 
evidence available in the scientific literature to suggest that spirochaetes are 
associated with diarrhoea in sheep. Spirochaete infections have been shown to cause 
diarrhoea in pigs with swine dysentery and porcine intestinal spirochaetosis and the 
expression of both conditions have been shown to be a complex interaction between 
the infectious agents and the diet of the host (Hopwood 2001; Pluske et al. 2002;  
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Hampson and Pluske 2004). Interestingly the Dudinin property also had a free rage 
piggery. 
More recently, spirochaetes (specifically treponemes) have been associated 
with severe virulent ovine footrot in the United Kingdom (Demirkan et al. 2001; 
Dhawi et al. 2005; Logue et al. 2005). There is no evidence to suggest that virulent 
footrot is caused by any organism other than Dicolobacter nodosus in Western 
Australia and there was no evidence of footrot in any of the flocks in this study. 
6.4.5  Selenium status 
All properties except for Dudinin were located within regions of known soil 
selenium deficiency. Both properties with marginal GSHPx levels had experienced 
problems with selenium deficiency in the past and were supplementing selenium by 
way of pasture topdressing. The likely cause of the low GSHPx on the Kojonup 
property was a recent reduction in the rate of application of selenium fertiliser. The 
rate of selenium fertilizer application had not been reduced on the Broomehill 
property, but it is possible that the sheep had not spent sufficient time grazing top-
dressed pasture in the last 12 months. The managers of the Kojonup and Broomehill 
properties had not observed any overt signs of selenium deficiency such as “white 
muscle disease” (nutritional myopathy) in young sheep. 
GSHPx measurements on individuals can be measured to assess the selenium 
status of those individual sheep in the study. However, with the exception of the 
Kojonup property (N=16 sheep sampled), the number of sheep sampled was too 
small to comment on the selenium status of the flock as a whole. It is generally 
recommended that at least 5 sheep be sampled to statistically represent the flock and 
it is preferable to sample at least 10 sheep. On five of the eight flocks, less than five  
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sheep were sampled and on seven of the eight flocks, less than 10 sheep were 
sampled. 
It has been suggested that selenium deficiency may result in increased 
susceptibility to internal parasitism (Glastonbury 1990). However several studies 
have shown that selenium supplementation did not affect resistance to strongyle 
infection (Jelinek et al. 1988; McDonald et al. 1989) and recent reviews have 
concluded that there is no evidence that selenium status has any influence on parasite 
infestation (Suttle and Jones 1989; Lee et al. 2002; McClure 2003). 
6.4.6  Histology 
The primary purpose of the histological examinations was to rule out 
recognised causes of scouring (for example, coccidiosis and bacterial infections). 
The results showed that histopathological evidence of known causes of scouring 
other than strongyle worm infections were uncommon. 
“Eosinophilic enteritis” and villous atrophy were common findings and may 
represent pathology attributable to the larval hypersensitivity scouring syndrome as 
described by Larsen et al (1994). A previous study found that sheep susceptible to 
heavy dag had a statistically significant increase in the number of eosinophils in the 
lamina propria of the pylorus and proximal small intestine (Larsen et al. 1994; 
Larsen 1997). The sheep with heavy dag also had a concurrent reduction in the 
villous/crypt ratio in the proximal small intestine (0.33 vs 0.47, p=0.05) compared 
with sheep not susceptible to heavy dag (Larsen et al. 1994; Larsen 1997). However 
in the present study there was no significant association of either “eosinophilic 
enteritis” or “villous atrophy” diagnosis with scouring. In addition, neither finding is 
specific to larval hypersensitivity scouring syndrome. Reductions in villous/crypt 
ratio in the small intestine are a common finding with many infectious and  
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inflammatory conditions of sheep. Villous atrophy has also been associated with 
nutritional factors in several monogastric species, specifically diets high in viscous 
non-starch polysaccharide (McDonald et al. 2001; Mathlouthi et al. 2002). Indeed, 
the study by Larsen et al (1994) described above found a reduction in villous/crypt 
ratio of a similar magnitude to that seen in “high” and “low” dag sheep (0.33 vs 
0.47, p=0.05) was also observed in sheep with “high TWC” (>10 000) compared 
with sheep with a “low TWC” (0.33 vs 0.47, p=0.07). 
 Further objective measurements such as villous/crypt ratios and differential 
cell counts to quantify eosinophil infiltration would be required to ascertain if villous 
atrophy or eosinophilic infiltration of the pylorus and proximal small intestine were 
associated with scouring in the flocks in this study. However, a reduced villous/crypt 
ratio will only provide an index of gut damage and is therefore not itself diagnostic 
for any specific condition. 
6.4.7  Larval hypersensitivity scouring syndrome 
It has been hypothesised that the larval hypersensitivity scouring syndrome 
described by Larsen et al (1999) may explain a large proportion of low WEC 
scouring in adult sheep in the south west of Western Australia (Besier 1998b). 
However, the pathogenesis of the larval hypersensitivity scouring syndrome has not 
been fully described and there are no diagnostic tests or clinical findings currently 
available that allow a definitive diagnosis of larval hypersensitivity scouring 
syndrome. 
A presumptive diagnosis is typically made whereby other causes of scouring 
are ruled out, affected sheep have low WEC and perhaps eosinophilic cellular 
infiltrate of the pyloric or intestinal mucosa are observed at post mortem. Response 
to treatment with anthelmintic capsules has been cited as a possible “test”. However,  
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there are several important deficiencies in using these parameters (or a combination 
of such) as diagnostic tools for larval hypersensitivity scouring syndrome. 
Specifically, there are no published descriptive or grading systems for the 
histological evaluation of “eosinophilic enteritis” in sheep and eosinophilic 
infiltration of the pylorus is small intestine is not specific to hypersensitivity 
scouring. This makes it difficult to determine whether eosinophilic infiltration in any 
given case is “normal” or indicative of “disease”. 
Based on the results of this investigation, larval hypersensitivity scouring 
syndrome may well explain scouring in each of the flocks. The histological findings 
and bacteriology suggested that bacterial infections were an unlikely cause of the 
scouring. Likewise, there was no evidence to suggest that selenium deficiency could 
explain the scouring in seven of the nine flocks, and in the two flocks where 
selenium status was marginal, GSHPx was not sufficiently low to explain the 
widespread scouring across multiple flocks on each property. Pasture larval counts 
suggested that each of the flocks had ongoing larval exposure. 
However, there were several important findings that meant that a definitive 
diagnosis could not be made. There was no evidence to suggest that the CRC 
resolved scouring. This in itself cannot rule out larval hypersensitivity scouring, 
primarily because of the possibility of antigenic stimulation from ongoing ingestion 
of larvae from pasture. Pharmacological differences between albendazole and 
ivermectin CRC and how these impacted time taken to kill incoming larvae and 
subsequent antigenic stimulation may explain the absence of a response to treatment. 
Secondarily, there was evidence of large worm burdens, specifically L4 larval stages, 
in both scouring and normal sheep. Again, whilst the TWC were high in many 
sheep, this finding cannot rule out larval hypersensitivity scouring because of the  
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possibility of ongoing antigenic stimulation from the fourth stage larvae. The current 
level of understanding does not provide for a definitive diagnosis based on the 
presence of any consistent histological findings specific to larval hypersensitivity 
scouring. 
With the current understanding of larval hypersensitivity scouring syndrome, 
it appears unlikely that a field diagnosis of the condition in an individual animal or 
flock will be able to be “confirmed” using routine laboratory tests available to 
veterinarians. For example, routine examination of H&E sections is unlikely to 
confirm the condition because the histopathological changes proposed as being 
associated with larval hypersensitivity scouring syndrome appear to be quantitative 
rather than qualitative in nature (Larsen et al. 1994; Larsen 1997; Larsen et al. 1999) 
and the histological changes described are not specific to the larval hypersensitivity 
scouring syndrome. 
6.5  CONCLUSIONS 
This study showed that despite thorough clinical work-up of low WEC 
scouring in mature sheep, no definitive diagnosis could be made in eight of the nine 
flocks investigated. The most likely cause of the scouring remains larval 
hypersensitivity scouring, although based on the current available understanding of 
this syndrome a diagnosis could not be confirmed. The most striking finding was the 
increased level of L4 larvae in the scouring sheep compared with the normal sheep. 
Bacterial infections did not appear to be the cause of the widespread scouring in the 
flocks studied. Sheep with high total worm counts were common despite screening 
sheep for flock mean WEC and so veterinarians should consider helminthosis even 
in apparent cases of “low WEC scouring”. Field diagnosis of larval hypersensitivity 
scouring syndrome is likely to be complicated as there appears to be no distinctive  
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histopathological findings and the changes described by other authors are 
quantitative rather that qualitative in nature. Response to treatment three to five 
weeks after administration of an effective drench and an anthelmintic CRC may not 
aid diagnosis, probably as a result of ongoing antigenic stimulation.  
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CHAPTER 7:  DEVELOPMENT OF A MODEL FOR STUDYING 
THE EFFECTS OF INCREASING VISCOSITY OF INTESTINAL 
CONTENTS IN SHEEP 
GENERAL INTRODUCTION: SOLUBLE NON-STARCH POLYSACCHARIDES 
The studies described in Chapters Four, Five and Six have all shown that 
scouring in sheep of post-weaning age in Western Australia is commonly associated 
with two factors present in the winter and spring months, namely lush green pasture 
and trichostrongylid larvae. It is difficult to separate these two potential causes of 
scouring at a “farm level” because they are usually present concurrently. It has been 
suggested that there may be interactions between dietary factors present in lush 
green feed and intake of strongyle larvae that determine the severity of scouring in 
susceptible sheep affected by the larval hypersensitivity scouring syndrome (Larsen 
1997; Larsen et al. 1999; Larsen 2000), but the specific nutritional factors that may 
be involved are not known. 
Dietary viscous soluble non-starch polysaccharides (sNSP) have been shown 
to affect faecal consistency, interfere with nutrient digestion, cause profound 
changes in the physico-chemical environment within the lumen of the gut and affect 
intestinal health and function in several monogastric species (Choct 1997; Pluske et 
al. 1997; Choct and Kocher 2000; McDonald et al. 2001). 
Poultry diets containing cereals with high concentrations of viscous sNSP are 
associated with reductions in nutrient utilisation in the small intestine, reduced rates 
of weight gain and increased incidence of wet sticky droppings (Pluske et al. 1997; 
Choct and Kocher 2000). Increased viscosity of the digesta in the intestinal lumen 
caused by the sNSP is thought to be responsible for the anti-nutritive effects of these 
grains (Choct and Kocher 2000).  
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Similar effects of sNSP are seen in pigs where diets high in viscous sNSP are 
associated with alterations in intestinal structure and intestinal growth, reduced 
nutrient absorption, increased force and frequency of peristaltic contractions, 
changes in faecal consistency (diarrhoea) and increased intestinal proliferation of 
microbial pathogens including Escherichia coli in the small intestine and 
Brachyspira pilosicoli in the large intestine (Cherbut et al. 1990; McDonald et al. 
2001; Pluske et al. 2002). In addition, viscous sNSP are associated with increased 
incidence of diarrhoea in association with intestinal diseases such as swine dysentery 
and post weaning colitis (Pluske et al. 2002; Hopwood et al. 2004). 
Exogenous enzymes that reduce viscosity by partial hydrolysis of sNSP 
alleviate the unfavourable anti-nutritive effects in both pig and poultry diets (Pluske 
et al. 1997; Hughes et al. 2000; Mathlouthi et al. 2002; Brenes et al. 2003; Choct et 
al. 2004). 
The fermentative patterns and effects of sNSP on the gut have not been well 
studied in sheep (van Barneveld 1999). In addition, the sNSP and insoluble non-
starch polysaccharide (iNSP) components of many pasture plants and forages fed to 
sheep have not been studied. The current methodologies for testing NSP in rations 
(Englyst and Hudson 1993; Theander and Westerlund 1993) are time consuming and 
expensive, but it has been proposed that near-infrared reflectance (NIR) 
spectroscopy may provide an option for fast, inexpensive analysis with potential to 
be exploited as a rapid analytical method for nutritionally important polysaccharides 
(Blakeney and Flinn 2005).  
Whilst it is thought that both pectins and -glucans are readily fermentable in 
the rumen (Annison et al. 2002), the rate of sNSP fermentability and escape from the 
rumen are not well described. The degree of ruminal escape of sNSP is likely to be  
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determined by a range of factors, not unlike ruminal soluble protein escape (Varga 
and Kolver 1997), with the rate and extent to which the sNSP are degraded 
presumably determined by microbial accessibility to the substrate, physical and 
chemical nature of the sNSP and the kinetics of ruminal digestion. 
The solubility of sNSP suggests that fermentability would be rapid, but as 
with soluble protein, the degree of escape into the small intestine is probably largely 
determined by rumen kinetics with faster passage associated with greater degree of 
escape. The rate of feed particle size reduction is a dominant factor in the regulation 
of rumen insoluble fibre digestion because it determines the clearance of feed 
residues and thus the rate of fibre breakdown and digestion (Ulyatt 1983). In 
addition, particle size reduction is also associated with the regulation of feed intake 
(Ulyatt 1983; Weston 2002). Consequently, variation of the iNSP content of the 
ration could be expected to affect the rumen kinetics and may in turn influence the 
rate of escape of undigested sNSP from the rumen. 
The rate of fermentation in the rumen of sNSP is probably also influenced by 
rumen pH because fermentation of pectins and ß-glucans is inhibited at low pH (Van 
Soest 1994). It is therefore likely that the relationship between various nutritional 
factors in feeds and fermentation of sNSP in the rumen are very complex. 
The broad aim of the three experiments described in Chapter Seven was to 
develop a model for studying the effect of sNSP and increased intestinal digesta 
viscosity on faecal consistency in sheep and to compare the model with the level of 
sNSP observed in pasture plants. 
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7.1  EXPERIMENT ONE:  THE USE OF 
CARBOXYMETHYLCELLULOSE TO INCREASE VISCOSITY 
OF INTESTINAL CONTENTS 
7.1.1  INTRODUCTION 
Viscous soluble non-starch polysaccharides (sNSP) are typically highly 
fermentable and increase the viscosity of digesta (Choct 1997; Choct and Kocher 
2000). In studying the effects of sNSP in sheep, it is necessary to separate these 
effects to ascertain whether fermentability, viscosity or a combination of these 
factors are responsible for any observed changes in faecal consistency. Increased 
viscosity of digesta has been shown to increase both the incidence of diarrhoea and 
faecal moisture content, increase intestinal size and cause changes in intestinal 
microflora and histological mucosal structure (Elsenhans and Caspary 2000; 
McDonald et al. 2001). 
Carboxymethylcellulose (CMC) is a purified soluble, viscous polysaccharide. 
It is used in studies of sNSP in monogastrics because it is not fermented by the 
monogastric hindgut to any significant extent and therefore allows examination of 
the effect of viscosity independent of potential effects of fermentation (Wyatt et al. 
1988; McDonald et al. 2001). It has been used successfully in studies of the effect of 
increasing viscosity of intestinal contents in pigs (McDonald et al. 2001; Bartelt et 
al. 2002), chickens (van der Klis et al. 1993a; van der Klis et al. 1993b; Smits et al. 
1997) and rats (Wyatt et al. 1988; Elsenhans and Caspary 2000). 
The fermentability of CMC in vivo in sheep is unclear. There are strains of 
Fibrobacter succinogenes,  Neocallimastix frontalis,  Ruminococcus albus, 
Ruminococcus flavefaciens, Neocallimastix patriciarum, Prevotella ruminocola and 
Prevotella bryantii that are capable of fermenting CMC in vitro (Chesson and  
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Forsberg 1997). It has been suggested that CMC-ases of ruminal bacteria provide a 
mechanism for utilising soluble glucans from cereal grains and it is likely that a 
degree of adaptation of rumen microbes occurs as mixed ruminal activity from cattle 
fed hay shows more CMC-ase activity than bacteria from cattle fed diets high in 
cereal grain (Fields et al. 1998). Hence, whilst in monogastrics CMC allows study of 
the effect of viscosity independent of fermentation, CMC in ruminants is more likely 
to mimic both the fermentation and viscosity changes associated with sNSP. The 
major fermentative activity of CMC will likely occur in the rumen with the CMC 
escaping rumen fermentation passing into the small intestine where it will likely 
increase digesta viscosity. There may be additional fermentation of the residual 
CMC in the hindgut, but the bulk of fermentation could be expected to occur in the 
rumen. 
The advantages of using a purified polysaccharide such as CMC rather than 
feeding a grain high in sNSP (such as barley) is that all other dietary factors can be 
kept as similar as possible between treatment groups, for example digestibility, 
metabolisable energy, protein and starch content of the diets. 
Measurement of the apparent viscosity of digesta can be used as an indication 
of the ability of dietary CMC to increase viscosity of contents in the intestinal 
lumen. The use of CMC as a model for studying effect of sNSP in pigs has shown 
that the viscosity of digesta is increased to a greater extent in the small intestine than 
in the colon and/or faeces (McDonald et al. 2001) and thus small changes in 
apparent viscosity of faeces are likely to represent changes of a larger magnitude in 
the small intestine. Measurement of faecal viscosity has the advantages that repeated 
samples and measurements can be taken and sheep do not need to be slaughtered at  
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the end of the experiment as would be the case if measurements of intestinal digesta 
viscosity were made. 
Aims and hypotheses 
The aim of this experiment was to determine whether CMC could be used in 
experimental sheep diets to study the effects of sNSP and whether diets 
supplemented with CMC result in any detrimental effects on faecal consistency. 
The hypotheses tested in this experiment were that: 
1. CMC will not adversely affect the dry matter intake of the diet by sheep. 
2. Inclusion of CMC will increase the viscosity of the intestinal contents. 
3. Increasing the inclusion rate of dietary CMC will cause faeces to be wetter and 
looser. 
4. Increasing the viscosity of CMC included in the diet will cause faeces to be wetter 
and looser.  
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7.1.2  MATERIALS AND METHODS 
Animals and experimental design 
This experiment was designed as a 2 x 2 factorial arrangement of treatments 
with the respective factors being the type of CMC used (low viscosity CMC and 
high viscosity CMC) and the rate of inclusion (2% and 8%). A fifth control group 
“treatment” with no dietary CMC was also included. 
The values of 2% and 8% CMC inclusion were chosen on the basis of studies 
in pigs that showed a significant effect of on faecal consistency when CMC was 
included at a rate of 4% of the diet (Hopwood 2001). 
Forty-eight two-and-a-half-year-old Merino wethers were housed in the 
Murdoch University Animal House in individual elevated pens. The sheep were 
treated with a moxidectin (Cydectin
®, Fort Dodge) anthelmintic drench on entry to 
the animal house. Sheep were fed an ad lib silage diet for an introductory period of 
five days, after which they were allocated to one of the five dietary treatments such 
that average daily dry matter intake (DMI) was similar in each treatment group. 
Eight sheep were excluded from the experiment for low daily feed intake (not related 
to treatment) or foot soreness, leaving a total of eight sheep per treatment group. The 
dietary treatments were then fed ad lib for seven days. Feed intake was measured 
daily. 
Sheep were weighed on entry to the animal house, on day one of the 
experimental treatment and on exit from the animal house at the conclusion of the 
experiment. Sheep were stratified by liveweight on entry to the animal house and 
DMI in the introductory period and assigned to treatment groups to ensure that there 
was no difference in liveweight or intake between the treatment groups.  
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Faeces were collected daily for the duration of the dietary treatment period 
and used to measure faecal consistency score (FCS) using the method described in 
Chapter 3.3.2 and faecal dry matter (FDM) using the method described in Chapter 
3.3.1. Faecal viscosity was measured on the faecal samples collected on day seven of 
the dietary treatment using the method described in Chapter 3.4.2. Faecal worm egg 
counts (WEC) were measured on faecal samples collected on day six using the 
method described in Chapter 3.1.1. The WEC showed no evidence of any strongyle 
or Nematodirus spp. eggs in any of the sheep.  
Diets 
The compositions of the diets are shown in Table 7.1. All five diets were 
based on pasture silage that was harvested from the same paddock. The same silage 
was used for all of the diets so that all variables other than CMC inclusion were kept 
as similar as possible. All dietary treatments were fed ad lib.  
The control diet consisted of silage. The other four diets consisted of silage 
with either low viscosity CMC (50-200 centipoise (cps) when 4% solution at 25
oC, 
Sigma Aldrich C-5678) or high viscosity CMC (1500-3000cps when 1% solution at 
25
oC, Sigma Aldrich C-5013) added at two levels of inclusion, either 2% or 8% of 
the total dry matter (DM) content of the diet based on the average DM content of the 
silage. The DM content of the diet was estimated using the method described in the 
Materials and Methods (Chapter 3.7.1). In addition, samples from each roll of silage 
were collected soon after opening, vacuum packed and frozen. Proximate analysis of 
the silage diets was analysed by Independent Lab Services, (Claremont, Western 
Australia). Diet digestibility of the silage was 65-67%. 
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Table 7.1: Composition and analysis of experimental diets 
Diet description 
Diet 1: 
2% high 
viscosity 
CMC 
Diet 2: 
8% high 
viscosity 
CMC 
Diet 3: 
2% low 
viscosity 
CMC 
Diet 4: 
8% low 
viscosity 
CMC 
Diet 5: 
control 
(no CMC) 
Sheep per treatment (N)  8  8  8  8  8 
Dietary composition (% DM) 
Pasture  silage  98% 92% 98% 92%  100% 
High viscosity CMC  2%  8%  -  -  - 
Low viscosity CMC  -  -  2%  8%  - 
Calculated analysis 
Mean  DM  (%)  44 41 44 41 45 
Mean  ME  (MJ/kg)  9.3 8.7 9.3 8.7 9.5 
Mean  CP  11.4 10.7 11.4 10.7 11.6 
 
DM: dry  matter 
ME: metabolisable  energy 
MJ: megajoule 
CP: crude  protein 
 
Statistical analysis 
Differences between treatment groups were determined using univariate 
analysis of variance (ANOVA) and Fisher’s Protected Least Significant Difference 
post-hoc test. DMI was included as a covariate for ANOVA. The assumption of 
normality and equality of variances was tested by plotting results as a histogram and 
using Levene’s test of equality of error variance. FCS and FDM measurements for 
days one and two were excluded from the analysis of faecal parameters (Table 7.2) 
based on the expected transit time of dietary CMC to the distal colon and results 
from previous work in pigs that showed a 48 hour period before meaningful 
differences in FCS were observed (Hopwood 2001).  
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Categorical data were analysed using Chi-square tests for independence, 
specifically Pearson Chi-square two-sided test for significance where all observed 
cells contained a count of five or greater, otherwise Fisher’s exact test (two-sided 
significance) was used. Odds ratios and the corresponding 95% confidence intervals 
were calculated. The number of days in which sheep had a faecal consistency score 
equal to or greater than 3.0 was analysed using these tests. A FCS of 3.0 or higher 
was chosen because a loss of pelleted structure of faeces has been associated with 
dag accumulation (Waghorn et al. 1998). 
All analysis was conducted using SPSS (11.0.2 for Macintosh OS X, SPSS 
inc. Chicago, USA).  
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7.1.3  RESULTS 
Feed intake 
The mean dry matter intake of the five treatment groups ranged from 2.16 
and 2.20% bodyweight (BWt). There was no significant difference in the mean daily 
DMI between any of the five treatments. There was no significant effect CMC type, 
inclusion rate or interaction between CMC type and rate on DMI of sheep (p>0.100). 
Bodyweight 
Mean bodyweight (BWt) on entry to the animal house was 58.9kg and on 
exit from the animal house was 57.2kg. There was no statistical difference in BWt of 
any of the five treatment groups on entry to the animal house, on day one or on exit 
from the animal house on day seven (p>0.100). Mean BWt change over the 12 days 
of the experiment was -2.9% BWt. There was no significant effect of treatment 
group, intake (covariate), CMC inclusion rate, CMC type or CMC type by inclusion 
rate interaction (p>0.100). There was no significant difference (p>0.100) in the BWt 
change of any of the five treatment groups other than the control group (-5.3% BWt) 
and 2% high viscosity CMC (-1.2% BWt, p=0.049). 
Faecal Parameters 
The results for the faecal parameter measurements from day three to day 
seven are shown in Table 7.2. Both FCS and FDM were significantly affected by dry 
matter intake of diet and rate of inclusion of CMC. Specifically, increased mean 
DMI and increased rate of dietary inclusion of CMC in the diet were both associated 
with increased mean FCS and increased mean moisture content of faeces (Table 7.2). 
In addition, the type of CMC affected FDM whereby sheep fed high viscosity CMC 
had greater mean faecal moisture compared with sheep fed low viscosity CMC. The 
control group and 2% Low CMC group had lower mean FCS and lower moisture  
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content of the faeces compared to the other groups, but the difference was small in 
magnitude (Table 7.2). 
The multiple regression equation for faecal consistency score (R
2=0.385, 
p<0.001) was: 
   Faecal consistency score =1.364 +0.046 CMC inclusion rate (% DM) +0.389 intake (%BWt)
 
CMC inclusion in the diets significantly increased faecal viscosity in all 
groups relative to the control group not fed CMC (Table 7.2). 
 
Table 7.2: Faecal parameters (mean days 3-7) with univariate analysis of variance 
(ANOVA) 
Diet 
Sheep 
(N) 
Faecal 
consistency score 
Faecal DM 
(%) 
Faecal viscosity 
(mPas) 
Control 8  2.14
A 29.16
A 2.55
A 
2% low viscosity CMC  8  2.21
A 28.28
A 3.45
B 
2% high viscosity CMC  8  2.50
B 26.16
B 3.26
B 
8% low viscosity CMC  8  2.56
B 25.99
B 3.43
B 
8% high viscosity CMC  8  2.56
B 25.29
B 3.77
B 
Mean   2.40  26.98  3.35 
SED   0.05  0.30  0.13 
ANOVA p-value        
Intake (covariate)    0.011  0.008  ns 
CMC type (CMC)    ns  0.004  ns 
Inclusion (rate)    0.015  0.008  ns 
CMC x rate    ns  ns  ns 
 
DM:   dry matter 
ns:   not significant (p>0.100) 
ABValues within columns with different superscripts are significantly different (p<0.05)  
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The number of sheep in each of the five treatments groups that had a faecal 
score of 3.0 or higher during days one to seven are shown in Table 7.3. Sheep fed 
8% high viscosity CMC or 8% low viscosity CMC were 3.0 times (odds ratio (OR) 
95% confidence interval (CI) 1.3, 6.7) more likely to have a faecal score of 3.0 or 
higher during days one to seven compared with the control sheep. Sheep fed 8% of 
either high or low viscosity CMC were 3.7 times (OR 95% CI 1.4, 9.6) more likely 
to have a faecal score of 3.0 or higher during days one to seven compared with sheep 
fed 2% low viscosity CMC and were 2.6 times (OR 95% CI 1.3, 5.2) more likely to 
have a faecal score of 3.0 or higher during days one to seven compared with sheep 
fed 2% high viscosity CMC. There was no significant risk of sheep having a faecal 
score of 3.0 or higher in sheep fed 2% of either high or low viscosity CMC 
compared with the control sheep. 
 
Table 7.3: Number of sheep in each treatment group with a faecal consistency score 
(FCS) of 3.0 or greater on at least one occasion (days 1-7) with Pearson Chi-square 
two-sided analysis for significance 
Diet  Sheep (N)  Sheep with FCS of 3 or higher (N) 
Control 8 4 
2% low viscosity CMC  8  3 
2% high viscosity CMC  8  5 
8% low viscosity CMC  8  8 
8% high viscosity CMC  8  8 
p-value   0.013 
 
The distribution of the number of days in which sheep had a faecal 
consistency score of 3.0 or higher are shown in Table 7.4. No sheep had a faecal 
consistency score of 3.0 or higher for more than four of the seven days in which  
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CMC was fed. The rate of inclusion of CMC significantly affected the mean number 
of days that sheep had a faecal consistency score of 3.0 or higher with higher levels 
of CMC inclusion associated with a higher number of days in which sheep had loose 
faeces that did not form faecal pellets. 
 
Table 7.4: The frequency distribution of the number of days from day 1 to day 7 in 
which sheep had a faecal consistency score (FCS) of 3.0 or higher and the mean 
number of days in which sheep had FCS of 3.0 or higher, including univariate 
analysis of variance (ANOVA) 
Diet 
Frequency distribution and mean number of days that 
sheep had FCS of 3.0 or higher (N sheep) 
0 days  1 day  2 days  3 days  4 days  mean 
Control  4 3 1 0 0 0.6
A 
2% low viscosity CMC  5  2  1  0  0  0.5
A 
2% high viscosity CMC  3  3  1  0  1  1.1
AB 
8% low viscosity CMC  0  3  1  2  2  2.4
C 
8% high viscosity CMC  0  3  4  0  1  1.9
BC 
Mean        1.30 
SED        0.23 
ANOVA p-value         
Intake  (covariate)       0.090 
CMC type (CMC)            ns 
Inclusion  (rate)        0.001 
CMC x rate            ns 
 
ns: not significant (p>0.100) 
AB Values with different superscripts are significantly different (p<0.05)  
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7.1.4  DISCUSSION 
Use of CMC as a model for studying effect of increased digesta 
viscosity 
Intake and palatability 
The CMC did not appear to affect the palatability of the diet as DMI was the 
same across all five dietary treatments. Sheep in all of the dietary treatments 
consumed an average of more than 2% body weight (BWt) DMI. This was in excess 
of the estimated dry matter intake of 1.8%Bwt for maintenance of a 60kg adult sheep 
(National Research Council 1985). 
Effect on viscosity 
It was likely that CMC would have increased the viscosity of intestinal 
digesta because the faecal viscosity in all groups fed CMC were significantly 
increased relative to the control group. The increase in faecal viscosity and faecal 
moisture associated with diets containing CMC suggests that CMC was not 
completely fermented in the rumen or large intestine and was passing through to the 
distal colon/rectum intact where it was able to exert a water-holding effect. This 
conclusion is consistent with the results of the experiment described in Chapter Eight 
in which the apparent viscosity of intestinal contents was measured post-mortem.  
Post-mortem analysis of intestinal contents of pigs fed diets containing CMC 
found that the magnitude of apparent viscosity generally decreased from the 
proximal to distal end of the intestinal tract (McDonald et al. 2001). Specifically, 
pigs fed CMC had an increased digesta viscosity in the small intestine relative to 
controls but digesta viscosity in the distal colon was similar to that of the control 
group. It is therefore likely that the relatively small increases in faecal viscosity seen 
in the sheep fed CMC represent increases of much larger magnitude in the small 
intestine.  
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There are several inherent difficulties in measuring and interpreting apparent 
viscosity of digesta and faeces. These have been discussed in more detail in the 
Materials and Methods (Chapter 3.4.2). 
Faecal parameters 
Faecal consistency and faecal moisture 
The results obtained in this experiment were generally consistent with 
findings in other species. Dietary supplementation with CMC has been shown to 
increase faecal moisture and the incidence of diarrhoea in pigs (McDonald et al. 
2001) and rats (Johnson and Gee 1982; Wyatt et al. 1988; Marlett and Fischer 2002). 
Increased levels of dietary CMC inclusion and increased DMI of the diet 
both served to increase FCS and faecal moisture. An increase in FCS represents 
faeces that are softer and looser compared with faeces with a lower faecal score. 
Therefore increased daily DMI and increased dietary inclusion of CMC resulted in 
softer, looser and wetter faeces. Similarly, the type of CMC significantly affected 
faecal moisture whereby the higher viscosity CMC resulted in wetter faeces. There 
was a trend (p=0.102) to an association between increased CMC viscosity and 
increased FCS, but this was not statistically significant. The lack of statistical 
significance of a difference in FCS was possibly because of the reduced sensitivity 
in the measurement of FCS compared to FDM that was more sensitive in detecting 
smaller incremental changes. In addition, there were only eight sheep per treatment 
group which may not have been sufficient to detect an effect of CMC viscosity on 
FCS. 
Increasing the viscosity of the digesta with CMC affected both faecal 
moisture and FCS and these effects appeared to be dependent on both the dietary 
concentration and the chemical composition of the CMC. Specifically, faecal  
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moisture and FCS were affected by both the level of inclusion and the viscosity 
grade of the CMC used (high or low viscosity). This was consistent with findings in 
pigs (McDonald et al. 2001) and rats (Elsenhans and Caspary 2000) whereby 
changes in gut size and morphology not only depended on the dietary concentration, 
but also on the viscosity of the viscous dietary polysaccharide such that increasing 
either the viscosity at a given dietary concentration or increasing the dietary 
concentration at a given viscosity both led to the same results (Elsenhans and 
Caspary 2000). 
The changes in FDM and FCS were relatively small. None of the sheep in the 
experiment had profuse or watery diarrhoea. This may be because despite the 
relatively high rate of dietary inclusion, a large proportion of the CMC was 
fermented in the rumen and so sufficient CMC did not pass into the distal intestinal 
tract to cause watery diarrhoea. It is therefore likely that under conditions of similar 
rumen kinetics and in the absence of other factors, sNSP are unlikely to be a major 
factor in scouring at dietary inclusions of up to 8% diet DM. The rate of ruminal 
escape of the CMC was not tested in this experiment. 
Dry matter intake and dietary CMC inclusion only explained about 40% of 
the variation in faecal consistency scores. The physiological mechanisms that 
determine faecal consistency in sheep are not well studied and may explain the other 
60% of the variation in faecal consistency score. 
The mechanism by which CMC altered faecal parameters was not tested in 
this experiment. A degree of the increase in faecal moisture could be attributable to 
the capacity of CMC to hold water. Increases in intestinal water content and water 
intake have been demonstrated in poultry fed viscous polysaccharides (van der Klis 
et al. 1993a; Smits et al. 1997). However, it is unlikely that an increase in water  
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intake alone would explain the increase in faecal moisture. Any increase in water 
intake would be excreted in urine and large increases in water intake of sheep have 
been shown to have a negligible effect of faecal moisture (Suttle and Field 1967) 
independent of a water-holding effect of the CMC. Water intake of sheep was not 
measured in this experiment. 
Diarrhoea in weaned pigs fed CMC has been attributed to changes in the gut 
environment that favour establishment and proliferation of bacteria, particularly E. 
coli, and by providing osmotic drag that exacerbates development of diarrhoea (van 
der Klis et al. 1993a). Absorption of water from digesta in the large intestine is 
dependent on an osmotic gradient with the absorption of cations, particularly sodium 
and potassium, playing an important role. Water content of faeces increases when 
the osmotic gradient is poorly established due to rapid passage of digesta through the 
large intestine or as a result of malabsorption (Wesselink et al. 1995). Dietary CMC 
has been shown to interfere with the digestion of nutrients from the small intestine 
(Rainbird et al. 1984; van der Klis et al. 1993b; Smits et al. 1997; Ehrlein and 
Stockman 1998), decrease intestinal transit time, decrease net sodium and water 
absorption  and increase osmolarity of digesta resulting in sloppy faeces (Wyatt et al. 
1988; van der Klis et al. 1993a; Wapnir et al. 1997). 
The interaction between the concentration and chemical composition of CMC 
and the effect on sodium and water absorption is complex. At low levels of inclusion 
(2.5g/L) of low viscosity grade CMC, water and sodium absorption was improved in 
rats. As the viscosity and concentration of CMC is increased, the absorption of water 
and sodium generally decreases (Wapnir et al. 1997). This may explain why the 
sheep fed 2% low viscosity CMC had similar faecal scores and faecal moisture to the 
sheep in the control group, but sheep fed 8% low viscosity CMC, 2% high viscosity  
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CMC and 8% high viscosity CMC all had increased faecal moisture relative to the 
sheep in the control and 2% low viscosity CMC groups. 
Segmental contractions of the spiral colon are thought to be responsible for 
the formation of faecal pellets in sheep (Ruckebusch and Fioramonti 1980). It is 
possible that rapid transit time through the spiral colon may interfere with pellet 
formation and thus increase faecal consistency score. High levels of intake result in 
rapid gastrointestinal transit times in sheep (Weston 1988) and it is likely that any 
effect of intake on transit time would have been exacerbated by CMC, which has 
been shown to reduce intestinal transit time independent of intake (van der Klis et al. 
1993a). Decreased passage time can result in insufficient time for adequate digestion 
and absorption of nutrients and any further reduction of digestibility and absorption 
due to the presence of CMC in the lumen could result in increased osmolarity of 
digesta and reduction of water absorption in the large intestine and consequently 
increased faecal moisture. More information is needed on the effect of CMC on gut 
passage time and the efficiency of digestion and absorption to determine the 
mechanism by which CMC altered faecal consistency and moisture content. 
Faecal viscosity 
No differences were detected in faecal viscosity between the groups fed 
CMC. Other studies have shown that the magnitude of difference of apparent 
viscosity generally decreases from the proximal to distal end of the intestinal tract 
and so faecal viscosity is not a very sensitive measure of changes in small intestinal 
digesta viscosity (McDonald et al. 2001).  
Fermentation of CMC 
The fermentability of CMC in the rumen and hindgut was not examined in 
this experiment. Further work is needed to determine whether CMC inclusion in  
  Chapter Seven: Development of Gut Viscosity Model  Page 265 
diets confers any protein advantage or if it affects the efficiency of nutrient digestion 
and absorption in sheep. The effect of rumen fermentation on CMC could be 
examined by comparing digesta viscosity and faecal consistency in sheep dosed with 
CMC administered orally or via a post-ruminal infusion. 
7.1.5  CONCLUSIONS 
CMC is an appropriate model for studying the effect of sNSP because it 
increased faecal viscosity and did not affect the daily dietary intake of the sheep. The 
faecal viscosity of all groups fed CMC were significantly higher than the faecal 
viscosity of the control group. 
Dietary CMC increased faecal moisture content and faecal score representing 
increased faecal water content and softer, looser faeces. Increased dietary intake and 
dietary content of were both associated with softer, looser and wetter faeces. The 
viscosity of the CMC affected faecal moisture with increased viscosity CMC 
associated with wetter faeces. The type of dietary CMC therefore affected faecal 
parameters by making faeces looser, wetter and more viscous. 
The changes in faecal dry matter and faecal score were relatively small. It is 
therefore likely that at the rate of inclusion up to 8% DM content of the diet, sNSP 
are unlikely to be a major factor in scouring in the absence of other factors and under 
similar conditions of rumen kinetics. The degree of ruminal escape of the CMC was 
not tested. A more comprehensive study, including the temporal and seasonal 
variation of sNSP in major pasture species may be appropriate if the assay becomes 
less expensive.  
Page 266  Chapter Seven: Development of Gut Viscosity Model 
7.2  EXPERIMENT TWO: EFFECT OF ROUGHAGE TYPE, 
CARBOXYMETHYLCELLULOSE AND BARLEY ON FAECAL 
CONSISTENCY IN SHEEP FED SILAGE AND CHAFF 
7.2.1  INTRODUCTION 
Experiment One (Chapter 7.1) showed that dietary carboxymethylcellulose 
(CMC) can be used to study the effects of soluble non-starch polysaccharides (sNSP) 
in sheep and that dietary supplementation with CMC had some detrimental effects 
on faecal consistency that were dependent on the viscosity grade of CMC used and 
the rate of inclusion. 
The diets in Experiment One were based on silage (Chapter 7.1.2). When 
using silage-based diets for experiments, variation of quality both within and 
between rolls of silage was a potential problem. Wrapped silage was difficult to store 
once opened and feeding of wrapped silage ad lib in the animal house also proved to 
be very wasteful. Chaff is considerably easier to store and feed in hoppers, is less 
wasteful, less labour intensive and there is less variability in the quality within 
batches. For these reasons, it was decided to determine whether chaff-based diets 
supplemented with CMC would be appropriate to study the effects of altering digesta 
viscosity. 
Soluble NSP (sNSP) have a range of effects on the gut that contribute to 
changes in faecal consistency and susceptibility to enteric diseases (Chapter 7 – 
General Introduction). The sNSP content of many ruminant feeds, particularly 
forages, are not published in the scientific literature because sNSP are not measured 
with routine methods used to assess ruminant feedstuffs. The sNSP content of many 
grains have been better described because these are widely used in swine and poultry 
diets and impact significantly on production in these species (Choct 1997; Choct and  
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Kocher 2000). Barley, oats and lupins are three grains commonly fed to sheep in 
Western Australia that have relatively high proportions (2-4% DM) of sNSP (Choct 
1997). 
Aims and Hypotheses 
The aims of this experiment were to ascertain whether CMC could be used in 
chaff-based diets to study the effects of increasing viscosity of digesta and to 
ascertain whether any changes in faecal parameters associated with dietary CMC 
supplementation were similar to changes seen when feeding a diet supplemented 
with barley, a grain known to contain relatively large proportions of sNSP. 
The hypotheses tested in this experiment were that: 
1. The addition of CMC to chaff-based diets will result in an increase of digesta 
viscosity and changes in faecal consistency of a similar magnitude to silage-based 
diets supplemented with CMC. 
2. Inclusion of barley, a grain high in sNSP, will exacerbate faecal parameter 
changes in a similar pattern to CMC supplementation.  
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7.2.2  MATERIALS AND METHODS 
Animals and experimental design 
This experiment was designed as a 2x2x2 factorial arrangement of treatments 
with the respective factors being roughage source (silage versus chaff), CMC 
supplementation (4% high viscosity CMC versus no CMC) and grain 
supplementation (barley versus no barley). The experiment was replicated with 44 
sheep in the first experiment and 45 sheep in the second experiment to give a total of 
89 three-year old Merino wethers. 
The sheep were housed in the Murdoch University Animal House in 
individual elevated pens (Chapter 3.10). Sheep were weighed on entry and on exit 
from the animal house at the conclusion of the experiment. Prior to entry to the 
animal house, sheep had been kept on the Murdoch University Veterinary Farm and 
regularly monitored for helminthosis. There was no evidence that sheep were heavily 
infected with strongyle parasites in the six months prior to housing. 
For each replicate, half of the sheep were selected at random and fed 
gradually increasing amounts of barley for one week prior to entry to the animal 
house. All sheep were drenched with moxidectin (Cydectin
®, Fort Dodge) on entry 
to the animal house. Sheep were then fed an ad lib silage- or chaff-based diet for an 
introductory period of five days, during which time sheep were closely monitored 
for daily feed intake and foot soreness that is occasionally a problem as a result of 
the metal flooring in the animal house. The dietary barley content fed to the animals 
allocated to the grain treatment groups was increased each day until it had reached 
40% dry matter (DM) content of the diet, resulting in a 12 day grain introductory 
period when the experiment started. The dietary treatments including CMC were 
then fed ad lib for seven days.  
  Chapter Seven: Development of Gut Viscosity Model  Page 269 
Faeces were collected on days three, five and seven of the dietary treatment 
period and used to measure faecal consistency score (FCS) using the method 
described in Chapter 3.3.2, faecal dry matter (FDM) using the method described in 
Chapter 3.3.1 and apparent faecal viscosity using the method described in Chapter 
3.4.2. 
Faecal worm egg counts (WEC) were measured on faecal samples collected 
on day seven using the method described in Chapter 3.1.1. One sheep in each 
replicate had a strongyle WEC of 100epg on day seven and four other sheep had a 
strongyle WEC of 50epg on day seven of the second replicate. There was no 
evidence of Nematodirus spp. eggs in any of the sheep. The strongyle WEC were 
considered not sufficiently large as to impact on dry matter intake or faecal 
parameters in the mature wethers that were being fed a high quality diet available ad 
lib. Faeces were collected for further investigation of possible moxidectin resistance 
from the sheep that had a positive WEC in the second replicate. 
Diets 
Chaff-based diets were a blend of one third lucerne chaff and two thirds 
oaten chaff to make the chaff-based diet approximately isonitrogenous with the 
silage-based diets. Silage-based diets were made up from wrapped round bales of 
pasture silage consisting mostly of annual ryegrass (Lolium rigidum), sub-terranean 
clover (Trifolium subterraneum) and small amounts of capeweed (Arctotheca 
calendula).  
In the groups that included the grain treatment, barley was included at 40% 
dry matter (DM) content. In the groups that included the CMC treatment, high 
viscosity CMC (1500-3000cps when 1% solution at 25%C, Sigma Aldrich C-5013) 
was added at a rate of 4% of the total estimated DM content of the diet. Samples  
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from each bale of silage were vacuum packed and frozen. Proximate analysis of the 
silage diets was analysed by Independent Lab Services, (Claremont, Western 
Australia). Diet digestibility of the silage was 65-66%. The composition and analysis 
of the diets are outlined in Table 7.5. 
As there was some variation in the silage DM between the bales of silage, the 
“as fed” content of the silage-based diets were adjusted for each bale of silage such 
that the barley inclusion was maintained at approximately 40% diet DM and CMC at 
4% diet DM. The DM content of the diets, including each role of silage, was 
estimated using the method described in the Materials and Methods (Chapter 3.7). 
All dietary treatments were fed ad lib. Sheep were fed and residues collected daily. 
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Table 7.5: Composition and analysis of experimental diets 
Diet 
description  Silage  Silage 
+ CMC 
Silage  
+ grain 
Silage 
+ grain 
+ CMC 
Chaff  Chaff  
+ CMC 
Chaff   
+ grain 
Chaff   
+ grain  
+ CMC 
Sheep 
numbers 
(replicate 1+2) 
5 + 5 
= 10 
5 + 5 
= 10 
5 + 6 
= 11 
5 + 7 
= 12 
8 + 5 
= 13 
5 + 6 
= 11 
6 + 5 
= 11 
5 + 6 = 
11 
Dietary composition (% DM) 
Pasture silage  100%  96%  60%  56%  -  -  -  - 
Chaff -  -  -  -  100%  96%  60%  56% 
Barley -  -  40%  40%      40%  40% 
CMC  -  4% - 4%  -  4%  4% 
Mean calculated and chemical analysis 
DM  (%)  42  44 61 64  88  89 89 90 
ME  (MJ/kg) 9.5 9.1 10.4  10.0  9.2 8.9 10.3 9.9 
CP  (%)  11.6  11.1 12.1 11.7  11.4  11.0 12.0 11.6 
 
DM: dry  matter 
ME: metabolisable  energy 
MJ: megajoule 
CP: crude  protein 
 
Statistical analysis 
Significant differences between treatment groups was analysed using 
univariate analysis of variance (ANOVA) and Fisher’s Protected Least Significant 
Difference post-hoc test. DMI was included as a covariate. The assumption of 
normality and equality of variances was tested by plotting results as a histogram and 
using Levene’s test of equality of error variance. FCS and FDM measurements for 
days one and two were excluded from the analysis of faecal parameters (Table 7.2) 
based on the expected transit time of dietary CMC to the distal colon and based on 
previous work in pigs that showed a 48 hour period before meaningful differences in 
faecal consistency were observed (Hopwood 2001).  
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Categorical data were analysed using Chi-square tests for independence, 
specifically Pearson Chi-square two-sided test for significance where all observed 
cells contained a count of five or greater, otherwise Fisher’s exact test (two-sided 
significance) was used. Odds ratios and the corresponding 95% confidence intervals 
were calculated. The number of days in which sheep had a faecal consistency score 
equal to or greater than 3.0 was analysed using these tests. A faecal consistency 
score of 3.0 or higher was chosen because a loss of pelleted structure of faeces has 
been associated with dag accumulation (Waghorn et al. 1998). 
All analysis was conducted using SPSS (11.0.2 for Macintosh OS X, SPSS 
inc. Chicago, USA). 
7.2.3  RESULTS 
Feed intake 
There was no significant difference of DMI (% bodyweight) in the two 
experimental replicates (p=0.816) and so the data was pooled and analysed 
collectively. The average daily dry matter intake (DMI) for the different diets are 
shown in Table 7.6.  
There was no significant effect of CMC inclusion on average daily DMI of 
sheep. There was a significant effect of roughage (p<0.001) and inclusion of grain 
(p<0.001) on average daily DMI of sheep whereby sheep fed silage-based diets 
consumed more than sheep fed chaff-based diets and sheep supplemented with 
barley consumed more than sheep fed diets without barley. There was also a 
significant interaction (p=0.001) between grain and roughage whereby barley 
inclusion significantly increased DMI of sheep fed silage-based but not in those fed 
chaff-based diets.  
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Table 7.6: Average daily dry matter intake of sheep fed different diets and univariate 
ANOVA analysis of the effect of diet on average daily intake 
Diet Sheep  (N)  Dry matter intake (% BWt  SE) 
Chaff 14  2.02
AB  0.10 
Chaff + CMC  11  1.86
A  0.08 
Chaff + Barley  10  2.20
B  0.11 
Chaff + Barley + CMC  11  2.12
B  0.08 
Silage 10  2.02
AB  0.05 
Silage + CMC  10  2.08
AB 0.07 
Silage + Barley  10  2.72
C  0.10 
Silage + Barley + CMC  13  2.72
C  0.09 
Mean   2.22  0.04 
p-value    
Roughage   <0.001 
CMC   ns 
Grain   <0.001 
Roughage x CMC    ns 
Roughage x barley    0.001 
CMC x barley    ns 
Roughage x CMC x barley    ns 
 
% BWt = percentage of live weight 
SE = standard error of the mean 
Mean intake values with different superscripts are significantly different (p<0.05) 
ns: not significant (p>0.100)  
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Faecal Parameters 
There was no significant effect of treatment replicate on faecal score 
(p=0.114), faecal dry matter (p=0.134) or faecal viscosity (p=0.271) and so data for 
the two replicates were pooled and analysed collectively. The results for the faecal 
parameter measurements are shown in Table 7.7. 
Faecal consistency score 
Sheep in the groups fed the silage+barley and the silage+barley + CMC diets 
had significantly higher faecal consistency scores indicating that these sheep had the 
softest loosest faeces. The sheep fed the chaff and chaff+barley diets had the lowest 
faecal consistency scores representing firmer pelleted faeces in these sheep 
compared with the other groups (Table 7.7). 
Mean FCS were significantly higher (p<0.05) in sheep fed CMC for the 
chaff-based diets, both with and without barley. There was a trend (p=0.062) to an 
increased mean faecal consistency score in the silage+CMC group compared with 
the silage group, but this was not significant at the 5% level. 
Faecal moisture 
Average FDM ranged from 28 to 34% DM (Table 7.7). Sheep in the chaff 
group had a higher mean faecal moisture content compared with the sheep in the 
silage group (p<0.05). The mean faecal moisture in the groups fed silage+CMC and 
chaff+CMC diets were not significantly different (p>0.05). 
Faecal viscosity 
Faecal viscosity was highest in sheep fed the chaff+barley+CMC and the 
silage+barley+CMC groups (Table 7.7). There was no difference (p>0.05) in the 
faecal viscosity of sheep fed the chaff, chaff+CMC, silage or silage+CMC diets.   
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Main Effects 
The results of the univariate general linear model (ANOVA) analysis of the 
effect of diet on faecal parameters are shown in Table 7.7 and are described in more 
detail below.  
Intake 
DMI was included as a co-variate and significantly affected FCS whereby 
higher average DMI was associated with higher FCS (p=0.022). In addition, there 
was a trend to higher faecal moisture (p=0.083) and higher faecal viscosity 
(p=0.066) in sheep with higher average daily feed intake.  
CMC 
CMC supplementation significantly affected FCS (p<0.001), FDM (p=0.006) 
and faecal viscosity (p=0.004). Sheep fed CMC tended to have higher FCS, reduced 
faecal moisture and higher faecal viscosity representing softer, looser, wetter faeces 
that were more viscous compared with sheep not supplemented with CMC. 
Barley 
Barley inclusion in the ration significantly affected FCS (p=0.013) and faecal 
viscosity (p<0.001) whereby sheep fed barley had higher faecal scores and increased 
faecal viscosity. In addition there was a trend (p=0.069) to an effect of barley 
supplementation on FDM whereby supplementation tended to reduce faecal 
moisture.  
Roughage 
Roughage type had a significant effect on FCS (p<0.001) whereby sheep fed 
silage-based rations tended to have higher faecal consistency scores than sheep fed 
chaff-based rations.  
Page 276  Chapter Seven: Development of Gut Viscosity Model 
Interactions 
There was a significant interaction between CMC supplementation and 
roughage on FCS (p=0.011) whereby CMC inclusion increased FCS in sheep fed 
chaff-based diets but not silage-based diets. 
There was also a significant interaction between CMC supplementation and 
barley inclusion on faecal viscosity (p=0.007) whereby CMC supplementation 
increased faecal viscosity in sheep fed barley, but not in sheep not fed barley. 
There was a significant interaction between roughage type and barley 
inclusion on both FCS (p=0.020) and FDM (p=0.003). Specifically barley 
supplementation increased FCS in the sheep fed silage- but not chaff-based diets and 
barley supplementation reduced faecal moisture in sheep fed chaff- but not silage-
based diets. 
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Table 7.7: Average faecal consistency score (FCS), faecal dry matter (FDM) and 
apparent faecal viscosity of sheep fed different diets (days 3-7) and univariate 
general linear model (ANOVA) analysis of the effect of diet on faecal parameters 
Diet 
Sheep 
(N) 
FCS FDM  (%) 
Faecal 
viscosity 
(mPas) 
Chaff 
14 
1.38
A  
0.06 
28.32
A  0.77  2.92
A  0.15 
Chaff + CMC  11  1.89
B  0.06 29.15
AC  0.78  3.08
A  0.16 
Chaff + Barley 
10 
1.52
A  
0.09 
34.19
B  1.10  5.15
BC  0.45 
Chaff + Barley + CMC  11  1.92
B  0.06 30.39
AC  0.91  7.14
D  0.86 
Silage  10  1.77
B  0.05 31.56
BCD  1.16  3.52
AC  0.25 
Silage + CMC  10  1.93
B  0.04 29.53
AD  0.61  3.60
AB  0.25 
Silage + Barley  10  2.17
C  0.09 29.30
AD  0.88  4.42
AB  0.44 
Silage + Barley + CMC  13  2.37
C  0.10 28.03
A  0.85  7.02
D  1.16 
Mean    1.86  0.42  29.91  0.36  4.62  0.27 
ANOVA (p-value)        
Intake (co-variate)    0.022  0.083  0.066 
Roughage   <0.001  ns  ns 
CMC   <0.001  0.006  0.004 
Barley   0.013  0.069  <0.001 
Roughage x CMC    0.011  ns  ns 
Roughage x barley    0.020  0.003  ns 
CMC x barley    ns  ns  0.007 
Roughage x CMC x barley    ns  ns  ns 
 
DM: dry matter 
ns: not significant (p>0.100) 
ABCDWithin columns, mean faecal parameter values with different superscripts are significantly 
different (p<0.05)  
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The number of sheep in each of the eight treatment groups that had a faecal 
score of 3.0 or higher on days three, five and seven are shown in Table 7.8. The 
proportion of sheep with a faecal score of 3.0 or higher was generally lower than that 
seen in Experiment One (Table 7.3). Sheep fed the Silge+Barley+CMC diet were 1.9 
times (odds ratio, 95% confidence interval 1.1, 3.1) more likely to have a faecal 
consistency score of 3.0 or higher during days three, five and seven compared with 
sheep fed the Chaff, Chaff+CMC, Chaff+Barley, Chaff+Barley+CMC, Silage and 
Silage+CMC diets. There was no significant risk associated with feeding the 
Silage+Barley diet compared with any of the other diets. 
 
 
Table 7.8: Number of sheep in each treatment group with a faecal consistency score 
(FCS) of 3.0 or greater on at least one occasion (days three, five and seven) with 
Pearson Chi-square two-sided analysis for significance 
Diet Sheep  (N) 
Sheep with FCS of 3.0 or 
higher (N) 
Chaff 14  0 
Chaff + CMC  11  0 
Chaff + Barley  10  0 
Chaff + Barley + CMC  11  0 
Silage 10  0 
Silage + CMC  10  0 
Silage + Barley  10  1 
Silage + Barley + CMC  13  6 
TOTAL 82  7 
p-value   >0.001 
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Of the seven sheep that had a faecal consistency score greater than 3.0, only 
three had a faecal score higher than 3.0 on more than one of the three sampling days. 
The distribution of the numbers of days in which sheep had a faecal consistency 
score of 3.0 or higher are shown in Table 7.9. 
The type of roughage fed had a significant effect (p=0.040) on the mean 
number of days in which sheep had a FCS of 3.0 or higher whereby sheep fed silage-
based diets had a higher average number of days with FCS of 3.0 or greater. There 
was a statistical trend (p= 0.071) to an effect of CMC whereby sheep fed CMC 
tended to have a higher mean number of days with FCS of 3.0 or higher. 
In addition, there was a significant interaction between roughage type and 
CMC (p=0.021) whereby sheep supplemented with CMC on silage-based rations 
tended to have more days with a FCS of 3.0 or greater, but this was not observed in 
sheep fed chaff-based rations. 
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Table 7.9: The frequency distribution of the number of days (day one - day seven) 
that sheep had a faecal consistency score (FCS) of 3.0 or higher and the mean 
number of days in which sheep had FCS of 3.0 or higher with univariate general 
linear model (ANOVA) 
 
Diet 
Sheep 
(N) 
Frequency distribution and mean number 
of days that sheep had FCS of 3.0 or higher  
(N sheep) 
0 days 1 day  2 days 3 days mean 
Chaff  14  14  0 0 0 0
A 
Chaff  +  CMC  11  11  0 0 0 0
A 
Chaff  +  Barley  10  10  0 0 0 0
A 
Chaff + Barley + CMC  11  11  0  0  0  0
A 
Silage  10  10  0 0 0 0
A 
Silage + CMC  10  10  0  0  0  0
A 
Silage + Barley  10  9  0  1  0  0.2
A 
Silage + Barley + CMC  13  7  4  1  1  0.69
B 
Mean        0.12 
SED        0.06 
ANOVA (p-value)         
Intake  (co-variate)       ns 
Roughage        0.040 
CMC        0.071 
Barley       ns 
Roughage  x  CMC        0.021 
Roughage  x  barley       ns 
CMC x barley            ns 
Roughage x CMC x barley            ns 
 
N: number  of  sheep 
ns:   not significant (p>0.100) 
AB Values with different superscripts are significantly different (p<0.05)  
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7.2.4  DISCUSSION 
Use of chaff- and silage-based diets to study the effects of dietary 
CMC in sheep 
The results of this experiment suggest that either silage- or chaff-based diets 
can be used to study the effects of using CMC as a model for sNSP in sheep. 
Supplementation with 4% high viscosity CMC did not affect DMI in either chaff- or 
silage-based diets. 
There was no significant difference in the mean FCS, days with FCS greater 
than 3.0, mean FDM or mean faecal viscosity in the chaff+CMC and silage+CMC 
groups. In addition, supplementation of diets with 4% high viscosity CMC increased 
faecal consistency scores of the sheep fed a chaff-based diet but not in sheep fed 
silage-based diet suggesting that chaff-based diets may provide a clearer indication 
of the effect of CMC on faecal consistency. However, in the sheep fed chaff-based 
diets, there was no effect on the number of days in which sheep had a FCS of 3.0 or 
greater.  
Effect of intake, barley and CMC supplementation on faecal 
parameters 
Faecal consistency and faecal moisture 
Increased DMI of sheep was associated with higher faecal consistency scores 
and there were trends to association with increased faecal moisture and faecal 
viscosity. This was similar to the previous experiment in which increased intake was 
significantly associated with increased faecal score and faecal moisture. 
The mechanism by which DMI may have affected faecal consistency in the 
two experiments was not tested. Mechanisms by which DMI may affect faecal 
consistency measurements presumably relate to gastrointestinal flow rates and 
alterations in the efficiency of segmental contractions of the spiral colon that are  
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thought to be responsible for the formation of faecal pellets in sheep (Ruckebusch 
and Fioramonti 1980). Higher levels of intake may result in faster gastrointestinal 
transit times in sheep (Weston 1988). Inefficient pellet formation in the spiral colon 
may result from rapid digesta transit time through the spiral colon interfering with 
normal pellet formation, excessive moisture content of digesta in the spiral colon 
(Waghorn et al. 1999) and gastrointestinal disturbances that may also affect activity 
of segmental contraction of the spiral colon (Bueno et al. 1980). In addition, diet 
digestibility decreases as intake is increased above maintenance (Moe and Tyrrell 
1975; Tyrrell and Moe 1975; Van Soest 1994; Fahey and Hussein 1999) and 
variations in digestibility may in turn affect faecal composition (Wesselink et al. 
1995). 
It is likely that any effect of increased levels of intake had on reducing 
gastrointestinal transit times would have been exacerbated by CMC, which has been 
shown to reduce intestinal transit time independent of intake (van der Klis et al. 
1993a). With faster gut passage rate resulting in insufficient time for adequate 
digestion and absorption of nutrients, plus the expected further reduction of 
digestibility and absorption due to the presence of CMC in the lumen, it is possible 
that increased osmolarity of digesta and reduction in the capacity of the large 
intestine to absorb water from the digesta were responsible for the increase in faecal 
moisture. 
Loose stools with an absence of faecal pellet structure (FCS >3.0) were 
observed sporadically and only in sheep fed the silage-based diets that included 
barley. This was in contrast to Experiment One in which some sheep in all of the 
groups had a FCS of 3.0 or higher at some point during the experiment. In 
Experiment One, all sheep were fed silage. In addition, sheep fed silage diets with  
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2% or 8% high viscosity CMC in Experiment One had significantly greater faecal 
moisture compared with the control group, but in this experiment there was no 
significant difference in faecal dry matter following supplementation with 4% high 
viscosity CMC in either chaff- or silage-based diets. The reason for this difference 
was not tested. FDM was measured on five occasions in Experiment One and three 
occasions in Experiment Two and so the difference in the frequency of sampling 
may explain the different result. Another possible explanation would be differences 
in the extent of rumen fermentation of CMC in the two experiments, although sheep 
from the same background were used in the two experiments so it is not clear why 
there would be any difference in the rate at which rumen microbes would adapt to 
CMC. The silage used for the two experiments was from the same source and had 
similar chemical analysis results for metabolisable energy (9.3 MJ/kg versus 9.5 
MJ/kg in Experiments One and Two respectively), crude protein (11.4% versus 
11.6%), dry matter (44% versus 42%) and digestibility (64.9% versus 65.6%) so it is 
unlikely that differences in the silage caused differences in the results of the two 
experiments.  
The range of factors that determined faecal consistency in this experiment 
(intake, roughage, CMC and barley supplementation) and the complex interactions 
between these factors supports the suggestion that a variety of dietary factors 
influence the consistency of faeces.  
Barley is a grain that is typically high in sNSP (4-12% DM), insoluble NSP 
(12-27% DM) and starch (53-60% DM) (Englyst 1989; Holtekjølen et al. 2006). In 
this experiment, supplementation with barley had a significant effect on faecal 
consistency score that appeared to be exacerbated by the addition of CMC. The 
mechanism by which this may have occurred was not tested, but research in  
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monogastric species (rats, pigs, chickens and humans) have shown that sNSP have a 
wide range of effects in the small intestine, including interference with nutrient 
absorption in the small intestine, altered intestinal motility (including gastric 
emptying and intestinal peristalsis), inhibition of digesta mixing, slowed diffusion of 
nutrients through the lumen to the epithelial surface, increased production of 
intestinal secretions (bile salts, digestive enzymes and mucins) and increased 
thickness of the water layer overlying the epithelium (Edwards 1990). In the 
monogastric large intestine, sNSP are known to cause increased hindgut 
fermentation and VFA production, increased osmolarity of digesta and exert a water-
holding capacity within the intestine, both of which predisposes animals to osmotic 
diarrhoea (Pluske et al. 2002). 
There was significant interaction between roughage and barley for faecal 
consistency and faecal moisture. There was also an interaction between roughage 
and CMC observed for faecal consistency. The mechanism by which these 
interactions occurred was not tested but presumably related to digestibility of the diet 
and subsequent alterations in rumen kinetics and rate of CMC escape from the 
rumen. This has been discussed in more detail below under the factors that 
determined faecal viscosity. It has been suggested that concentrate supplementation 
may depress forage fibre digestion (Van Soest 1994) and changes in the digestibility 
of the forage may explain the interactions seen between roughage type barley.  
Studies on the relationship between sNSP and enteric diseases suggest that 
the interaction between increased viscosity and fermentative changes is complex 
(Pluske et al. 2002). Based on the results from this experiment, the role of sNSP-
associated fermentative changes and their interaction with digesta viscosity in the 
determination of faecal consistency of sheep warrants further investigation.  
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Faecal viscosity 
This experiment did not produce a statistically significant difference in faecal 
viscosity between the chaff- and silage-based diets that included 4% high viscosity 
CMC and those that did not. This was in contrast to the previous experiment 
(Chapter 7.1) that found differences in faecal viscosity in silage diets with 2% or 8% 
high viscosity CMC compared with the control diet. The silage+CMC group had a 
similar mean faecal viscosity to the groups fed CMC in Experiment One (Chapter 
7.1), but the silage (control) group in this experiment had a higher mean faecal 
viscosity than the control sheep in the previous experiment. 
The failure to detect a difference in faecal viscosity between the silage and 
silage+CMC groups or between the chaff and chaff+CMC groups was not 
unexpected. Experimental work with pigs that used CMC to increase viscosity of 
digesta showed that the magnitude of viscosity changes generally decreased from the 
proximal to distal end of the intestinal tract, therefore faecal viscosity may be a very 
crude estimate of viscosity changes at the level of the small intestine (McDonald et 
al. 2001). In these experiments, large changes in viscosity of the digesta in the small 
intestine and caecum were associated with no significant increase in faecal viscosity.  
Another possible reason for the absence of an increase in faecal viscosity in 
sheep fed CMC on the chaff- and silage-based diets was that some adaptation to the 
CMC may have occurred, increasing the extent of ruminal fermentation and 
breakdown of the CMC. However, sheep were fed the CMC rations for the same 
period (seven days) as in the first experiment in which silage diets supplemented 
with 2% high viscosity CMC increased faecal viscosity. The two experiments were 
conducted at different times of the year. Experiment One was conducted in March 
and Experiment Two was conducted in April and August. It is possible that the  
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background diet fed to sheep before the experiment affected the rumen microbe 
population and this may in turn affect the rate of which adaptation to CMC occurred. 
However, in both experiments, sheep were grazing irrigated pasture at the Murdoch 
University Veterinary Farm which consisted of predominantly kikuyu pasture with 
smaller amounts of annual ryegrasses and clovers in the winter and spring months 
(May to November). There was therefore not a very large variation in the diet of the 
sheep prior to the two experiments. 
Barley inclusion in the diet increased faecal viscosity in the chaff groups but 
not the silage group. Barley contains relatively high proportion of both sNSP and 
starch. The extent of ruminal escape of sNSP and starch from the barley was not 
examined in this experiment. Starch that remained undigested and passed into the 
faeces may have interfered with measurement of apparent viscosity, although this 
was not tested in this experiment. Starch digestibility may have been different in the 
chaff- and silage-based diets.  
In addition, there was an interaction between CMC and barley whereby CMC 
significantly increased faecal viscosity of sheep fed diets that contained barley, but 
this was not observed in sheep that were not fed barley. Presumably it was the starch 
content of barley that interacted with the CMC and sNSP in this study to affect 
faecal viscosity. The three basic mechanisms by which this may have occurred are 
changes in fermentation of the CMC, variation in rumen kinetics that affect the rate 
of CMC and sNSP escape from the rumen and alterations in starch digestibility in 
the small intestine. 
Inclusion of barley in the diet may have resulted in alterations of ruminal and 
hindgut fermentation. Lactic acid is the primary product of starch fermentation and 
this can lead to a decline in ruminal and hindgut pH if the rate of lactate production  
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exceeds the rate of lactate utilisation by microbes (Pluske et al. 1997; Rowe 1997). 
Concentrate supplementation may depress forage fibre digestion (Van Soest 1994) 
and fermentation of celluloses is reduced at low pH (Annison et al. 2002), thus it is 
possible that CMC-ase activity is also reduced at low pH. It is possible that rapid 
ruminal fermentation of soluble carbohydrate in barley (starch) decreased rumen pH 
thus slowing the rate of CMC degradation. In addition, higher levels of grain are 
associated with increased flow rates through the rumen (Van Soest 1994). The 
reduction of time in the rumen would be expected to reduce the efficiency of CMC-
ases. The combination of reduced efficiency of fermentation at lower pH plus rapid 
transit time through the rumen would presumably act to increase the rate of CMC 
escape from the rumen and into the small intestine. 
CMC that escaped from the rumen would be expected to interfere with starch 
digestion in the small intestine, resulting in increased amount of starch fermentation 
in the hindgut or passing through the hindgut and into the faeces as undigested 
starch.  
The type of roughage fed would also affect flow rate through the rumen and 
subsequently the rate of CMC escape from the rumen. This may explain the 
interactions observed between roughage and CMC as well as roughage and barley on 
faecal consistency scores. 
Faecal starch 
In light of the complex interactions between barley, roughage type and CMC 
seen in this experiment, further investigations of sNSP using cereal grains high in 
sNSP should incorporate assessment of faecal starch to see if starch may explain 
some of the effects on faecal parameters. Post-ruminal digesta measurement of CMC 
would also indicate the degree of rumen escape of CMC.   
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7.2.5  CONCLUSIONS 
Chaff-based diets appear to be acceptable for use in experiments 
investigating the effect of CMC to study the effects of sNSP in sheep. CMC did not 
change faecal viscosity in either silage or chaff-based diets when included at 4% but 
did cause deterioration in the faecal consistency of sheep fed chaff-based diets. 
There were a large number of dietary factors that determined faecal score and the 
nutritional effect on faecal consistency was complex. Supplementation with barley, a 
grain high in sNSP and starch, had a significant effect on faecal score and faecal 
moisture and so the role of sNSP and starch on determination of faecal consistency 
in sheep warrants further investigation. The fermentability of CMC and the factors 
that determine the extent of ruminal escape of CMC also warrant further 
investigation. 
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7.3  EXPERIMENT THREE: MEASUREMENT OF SOLUBLE NON-
STARCH POLYSACCHARIDES IN PASTURE PLANTS 
7.3.1  INTRODUCTION 
The previous two experiments (Chapters 7.1 and 7.2) demonstrated that 
carboxymethylcellulose (CMC) was an appropriate model for studying the effects of 
soluble non-starch polysaccharides (sNSP), that feeding CMC adversely affected 
faecal consistency of sheep and that CMC can interact with other dietary factors such 
as roughage type and grain to determine faecal consistency. 
The sNSP content of various pasture plants that are fed to sheep in the south 
west of Western Australia has not been well studied. The main reason is that the 
methods used for determining non-starch polysaccharides (NSP) are laborious and 
consequently very expensive (Englyst and Hudson 1993; Theander and Westerlund 
1993). The cost of the NSP assays means that acid detergent fibre (ADF) and neutral 
detergent fibre (NDF) are still more commonly included in evaluations of the 
nutritive value of pasture plants, even though the classification of crude fibre using 
ADF and NDF has been shown to lack precision with respect to both the chemical 
structure and the biological function of carbohydrates (Choct 1997; van Barneveld 
1999). In addition, ADF and NDF have been commonly used over a much longer 
period than NSP measurement and so there in greater data available on ADF and 
NDF content of feedstuffs available in the scientific literature. 
Aims and hypothesis 
The aim of this experiment was to determine the sNSP of three varieties of 
pasture plants that are commonly grazed in the south west of Western Australia, 
namely annual ryegrass (Lolium rigidum), subterranean clover (Trifolium 
subterraneum) and capeweed (Arctotheca calendula).  
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The hypothesis tested was that the amount of sNSP present is variable 
between different pasture species when pasture growth is rapid and scouring is 
common. 
7.3.2  MATERIALS AND METHODS 
Plant samples were collected from paddocks in Wellstead (near Albany), 
Western Australia in June 2005. The method used for storing the samples and NSP 
analysis is outlined in more detail in the Materials and Methods (Chapter 3.7.3). The 
samples were freeze dried at the Chemistry Centre (East Perth, Western Australia) 
and NSP analysis was performed by the School of Rural Science and Agriculture at 
the University of New England (Armidale, New South Wales). 
Drying of samples 
Other samples of ryegrass, clover and cape weed were collected from three 
farms in different regions of the south west of Western Australia throughout 2004 
and dried in an oven at 60
oC as per the method obtained from the School of Rural 
Science and Agriculture (University of New England). Drying the pasture plant 
samples at this temperature resulted in caramelistaion of the sugars in the plants that 
was obvious to the naked eye. Caramelisation of the free sugars would be expected 
to interfere with the assay. It is therefore important that fresh pasture plants are 
freeze-dried for NSP analysis.  
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7.3.3  RESULTS 
The results of the NSP assay are shown below in Table 7.10. The results 
show that the sNSP fractions of the three pasture samples were similar 
(approximately 0.7% DM). 
 
Table 7.10: Non-starch polysaccharide content (g/kg DM) of samples of three 
pasture plant species collected from Wellstead, Western Australia in Winter (June 
2005) 
Sample Free  sugars  sNSP iNSP  Total  NSP 
Sub clover  112.80  7.65  174.84  182.49 
Cape weed  56.20  7.54  140.16  147.70 
Annual ryegrass  46.36  6.98  271.43  278.41 
 
7.3.4  DISCUSSION 
The sNSP content of the three pasture plant samples were low compared with 
some of the grains typically fed to sheep in WA such as lupins, oats and wheat 
(Table 7.11). 
 
Table 7.11: Some examples for soluble NSP (sNSP) content range measured in 
cereal and legume grains commonly fed to sheep in Western Australia 
Grain 
sNSP range 
(g/kg DM) 
Reference 
Wheat 7-49 
(Englyst 1989; Choct et al. 1999; Yasar 2002; Kim et al. 2003; Pirgozliev et al. 
2003; Phillips et al. 2004b) 
Barley 45-121  (Englyst 1989; Holtekjølen et al. 2006) 
Oats 38-43  (Englyst 1989; Givens et al. 2000) 
Lupins 14-46  (Choct 1997; Kocher et al. 2000; Steenfeldt et al. 2003) 
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The relatively low sNSP in all three of the pasture species suggests that is 
unlikely that sNSP content would explain scouring in sheep grazing these varieties 
under similar climatic conditions and at the same stage of growth. 
Soluble NSP content might vary throughout the growing season or between 
years. sNSP in Australian varieties of wheat are affected by climatic conditions, 
specifically temperature and rainfall during growth and time spent in storage (Choct 
et al. 1999; Kim et al. 2003). The amount of hemicellulose has been shown to vary 
considerable with the stage of plant growth in clover species with the quantity of 
cellulose and hemicellulose increasing as plants mature (Li 1992).  
Ideally this experiment would have included more samples, specifically 
multiple collection times through the growing season and multiple locations. The 
NSP assay is very labour intensive and therefore expensive. Due to the high cost 
involved, it was decided to run one assay for each pasture species as a “screen” for 
any major differences in sNSP. However, as a result of a single sampling location 
and time, it cannot be determined whether (a) the level of sNSP varies significantly 
throughout the growing season, (b) the level of sNSP varies significantly between 
districts as a result of different soil and climatic conditions, and (c) the level of sNSP 
varies between varieties of annual ryegrass or clovers. 
There is little published information on what effect rumen fermentation has 
on NSP solubility and if rumen fermentation may alter the chemical behaviour of 
polysaccharides. Ideally studies into the effect of NSP on gut viscosity and faecal 
consistency would measure plant NSP and concurrent viscosity, pH, VFA along the 
gut of sheep grazing different diets and at different times of the growing season.  
  Chapter Seven: Development of Gut Viscosity Model  Page 293 
It is also possible that a higher proportion of sNSP may escape rumen 
fermentation in sheep grazing lush pasture compared with sheep on roughage-based 
diets in a pen situation (such as in Chapters 7.1 and 7.2) because of differences in 
rumen kinetics attributable to the high content of soluble sugars and low amount of 
functional fibre in lush pasture resulting in faster flow rates through the rumen 
resulting in differences in the extent of sNSP degradation in the rumen. 
7.3.5  CONCLUSIONS 
Samples of annual ryegrass, subterranean clover and capeweed were 
collected from a paddock in Wellstead (near Albany, south west Western Australia) 
in June (2005). The results suggest that soluble NSP content of the different species 
present at the time of sampling were very similar and are unlikely to explain 
differences in the rate of scouring in sheep grazing pastures containing different 
proportions of these plants.  
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CHAPTER 8:  EFFECT OF SNSP, ROUGHAGE TYPE AND 
LARVAL INTAKE ON FAECAL CONSISTENCY 
8.1  INTRODUCTION 
The two pen experiments described in Chapter Seven showed that dietary 
factors can affect faecal consistency. Work in monogastric species has shown dietary 
factors and disease agents interact to determine the severity of both establishment 
and expression (specifically scouring) with some enteric diseases (Pluske et al. 1997; 
Pluske et al. 2002). The interactions between nutrition and disease are not well 
studied in sheep. Some authors have suggested that risk factors associated with 
pasture can contribute to the severity of larval hypersensitivity scouring syndrome in 
sheep (Larsen 1997, 2000), but the specific factors and the mechanism by which they 
might interact with diseases have not been described in the scientific literature. 
The increasing prevalence and severity of anthelmintic resistance worldwide 
has prompted research into alternative nematode control strategies that place less 
reliance on anthelmintics. One such area of study is the influence of host nutrition on 
the development and consequences of nematode parasitism in ruminants. 
Nutrition influences the development and consequences of parasitism directly 
through the intake of compounds that may affect parasite establishment, 
development, fecundity and longevity and indirectly by increasing “host resistance” 
and/or “host resilience”. “Host resistance” is the ability of the host to control the size 
of the parasite burden and “host resilience” refers to the ability of the host cope with 
adverse consequences of parasitism (Coop and Kyriazakis 2001).  
Direct effects of host nutrition on nematodes are considered those that alter 
the gut environment and thus affect parasite survival. The mechanisms by which 
dietary agents may affect nematode survival include the presence of antiparasitic  
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compounds in the host diet, reduced availability of nutrients essential for nematode 
reproduction/survival or dietary compounds that unfavourably alter the gut 
environment for parasite survival (Houdijk and Athanasiadou 2003). 
Much of the research into the direct effects of nutrition on sheep parasites has 
been directed towards the use of feeds with anthelmintic properties, particularly 
forage plants containing condensed tannins. Condensed tannin forages are thought to 
affect parasite burdens directly via the anthelmintic properties of the tannins, but also  
have an indirect effect on host resistance by increasing the amount of dietary by-pass 
protein and improving the protein-nutrition of the host (Athanasiadou et al. 2001; 
Coop and Kyriazakis 2001; Houdijk and Athanasiadou 2003). 
There appears to be considerably less research into the dietary factors that 
affect nematode establishment by altering the environment within the gut lumen or 
moderate the severity of diarrhoea in parasitised sheep despite several studies 
demonstrating reduced dag in sheep grazing forage plants high in condensed tannins 
(Leathwick and Atkinson 1995; Leathwick and Atkinson 1998). 
Non-starch polysaccharides (NSP) have been shown to play an important role 
in the development of enteric diseases caused by bacteria and parasites. Dietary 
soluble NSP (sNSP) have been shown to increase the intestinal proliferation of 
certain pathogenic bacteria in the intestine of pigs and increase the severity of 
resulting disease (Pluske et al. 1997; McDonald et al. 2001; Pluske et al. 2002; 
Hopwood et al. 2004). The interaction between sNSP and parasitic infections have 
been examined in monogastric species, but have not been well studied in sheep. 
The growth and development of gastrointestinal helminths may be dependent 
on the type and amount of dietary carbohydrate (Nesheim 1984; Barrett 1988;  
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Crompton 1991). Research in monogastric species has found that the relationship 
between dietary fibre and nematode biology is complex and depends on a number of 
factors including the species of parasite and its location along the gastrointestinal 
tract. For instance, establishment of Heligmosomoides polygyrus in the small 
intestine of mice is increased by diets high in pectin (sNSP) but is not influenced by 
cellulose (insoluble NSP) concentration (Sun et al. 2002). Conversely, establishment 
of Oesophagostomum dentatum in the large intestine of pigs is reduced by feeding 
rapidly fermentable carbohydrates (such as inulin and sugar beet fibre) and increased 
by diets that are high in lignin and insoluble NSP (Petkevicius et al. 1995; 
Petkevicius et al. 1997; Petkevicius et al. 1999; Petkevicius et al. 2001; Petkevicius 
et al. 2003; Petkevicius et al. 2004). Infection with Trichuris suum and Ascaris suis 
may also be increased by diets high in insoluble NSP (Pearce 1999).  
The most economically important nematode parasites of sheep in winter-
rainfall areas of Australia are Trichostrongylus spp. and Teladorsagia (Ostertagia) 
circumcincta  that parasitise the small intestine and abomasum respectively (McLeod 
1995). The previous two experiments (Chapters 7.1 and 7.2) showed that 
carboxymethylcellulose (CMC) could be used to study the effect of sNSP in sheep 
and hence it was decided to use CMC as a model to assess the effect of sNSP on 
parasite establishment of Tel. circumcincta in the abomasum and T. colubriformis in 
the small intestine and to determine whether sNSP would exacerbate diarrhoea in 
infected animals. 
Scouring in sheep in Western Australia typically occurs in the winter and 
spring months when sheep are grazing lush green pasture consisting of primarily 
annual grasses and legumes. Diets fed to sheep in animal house experiments are 
generally “dry” and based on hay/chaff or pellets. Dry diets are commonly  
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implicated in “firming up” faeces such that faecal consistency seen on dry diets do 
not match that seen “in the field” where sheep graze lush green pasture. Diarrhoea 
appears to be less commonly seen in animal house experiments compared with 
animals grazing green pasture, even in animals with very large parasite burdens 
(Brown Besier and Kevin Bell, personal communication). This experiment provided 
an opportunity to see if feeding a “fresher” diet with an otherwise similar nutrient 
profile would affect the faecal consistency of sheep with parasite burdens in the 
animal house. 
Aims and hypotheses 
The aims of this experiment were to examine whether supplementation with 
CMC would affect worm establishment and investigate how CMC supplementation, 
roughage type and parasites affect faecal consistency. 
The hypotheses tested in this experiment were that: 
1.  Feeding a diet based on fresh lucerne will result in looser wetter faeces than 
feeding a diet based on lucerne chaff. 
2.  Infection with T.  colubriformis  and  Tel. circumcincta larvae will result in 
looser wetter faeces than no larval dosing. 
3.  Worm burdens will be higher in sheep fed diets supplemented CMC than those 
with no CMC. 
4.  CMC will exacerbate scouring in sheep with T.  colubriformis  and  Tel. 
circumcincta infections.  
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8.2  MATERIALS AND METHODS 
8.2.1  Animals and experimental design 
This experiment was designed as a 2x2x2 factorial arrangement of treatments 
with the respective factors being roughage source (“fresh” lucerne versus lucerne 
chaff), CMC supplementation (8% high viscosity CMC versus no CMC) and 
strongyle larval intake (larvae versus no larvae). Dietary compositions and larval 
treatment are outlined in Table 8.1. 
Forty-eight ten-month-old Merino wethers were purchased from a property 
near York, approximately 100km north-east of Perth, Western Australia. The sheep 
had been grazing dry pasture and cereal crop stubbles supplemented with silage and 
oats for the past five months. All sheep were treated with an abamectin-albendazole-
levamisole-closantel anthelmintic drench (Q-Drench
®, Virbac) on entry to the 
Murdoch University Animal House and housed in individual elevated pens as 
described in the Materials and Methods (Chapter 3.10). There was a two-day 
“introductory period” whereby sheep were familiarised with the animal house and 
were fed either “fresh” lucerne or lucerne chaff. After this introductory period, CMC 
supplementation and larval dosing commenced. The experimental treatments ran for 
50 days, however unfortunately fresh lucerne was not available after day 21 of 
treatment period due to poor weather conditions for lucerne growth. Consequently 
after day 21 all diets were based on lucerne chaff. 
Measurements of faecal consistency score, dry matter, viscosity and worm 
egg count were performed using the methods described in the Materials and Methods 
(Chapter 3.1 and 3.3). Faeces were collected per rectum on 13 occasions throughout 
the treatment period (days 1, 7, 12, 15, 17, 20, 22, 28, 32, 36, 39, 43, 46 and 50). The 
samples on day 22 were collected before sheep in the “fresh lucerne” groups were  
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changed onto the chaff ration. Faecal consistency score, faecal dry matter and faecal 
viscosity were measured on each sample. WEC were measured on faecal samples 
collected on day 1 and all samples between day 30 to day 46.  
On days 50 and 51, all sheep were euthanased with a captive bolt gun and 
exsanguinated. The viscera was removed and divided into five segments: 
reticulorumen/omasum, abomasum, small intestine, caecum and large intestine. Each 
segment was tied off and the full and empty weight of each section was recorded 
following emptying of the contents and rinsing with water. Abomasal and small 
intestinal samples were collected for total worm count using the method described in 
Chapter 3.1. Digesta samples from the rumen, ileum (~5m distal to common bile 
duct), caecum, spiral colon (~1m distal to ileo-caecal valve) and distal colon (~5m 
distal ileo-caecal valve) were collected for measurement of digesta dry matter (using 
the same method as was described for faeces in Chapter 3.3), pH (using the method 
described in Chapter 3.7), apparent viscosity (using the method described in Chapter 
3.4) and volatile fatty acid analysis (using the method outlined in Chapter 3.6). 
8.2.2  Diets 
The “fresh lucerne” diet was grown on a commercial lucerne growing 
property in Myalup, south of Perth, Western Australia. The lucerne was cut, baled 
and transported to Murdoch in the shortest possible time period. The period between 
cutting and baling was affected by weather conditions on the farm and ranged 
between 24 hours and 4 days depending on when the lucerne could be successfully 
baled with the baling machine. Bales arrived at Murdoch approximately 24-48 hours 
after baling and it was fed out within 48 hours of arrival or loosely packed into chaff 
sacks and stored at 4
oC.  
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Approximately ten days into the experiment, there were two episodes of 
heavy rainfall over several days that caused substantial deterioration of the quality of 
the standing lucerne crop, specifically substantial decrease in leaf content, wilting 
and bleaching of the remaining leaf and an increase in the brittleness of the stem 
material. The first rain event was followed by a period of cold weather and this 
substantially slowed any further growth of the lucerne. The poor quality of lucerne 
that was ready to harvest and reduced availability of fresh lucerne for the remainder 
of the experiment prompted the termination of the roughage treatment and so all 
sheep were fed lucerne chaff from day 21 until day 50 when the sheep were 
slaughtered. Lucerne chaff was sourced from the same property as the fresh lucerne 
diet. 
Carboxymethylcellulose (CMC) diets included high viscosity CMC (1500-
3000cps when 1% solution at 25%C, Sigma Aldrich C-5013) that was added at a rate 
of 8% of the total estimated dry matter (DM) content of the diet. As there was some 
difference in the dry matter content of the “fresh lucerne” between bales, the average 
DM content of the diet was estimated for each bale using the method described in the 
Materials and Methods (Chapter 3.7) to maintain CMC inclusion at 8% DM content 
of the diet. 
All dietary treatments were fed ad lib and sheep were fed daily. Intake was 
monitored daily and residues collected every third day for the chaff diets and the 
fresh cut lucerne residues were measured daily. The composition and chemical 
analysis of the diets are outlined in Table 8.1.  
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8.2.3  Larval dosing 
Sheep were dosed orally with 10 000 Tel. circumcincta (Yalanbee strain, 
Department of Agriculture Western Australia) and 10 000 T. colubriformis 
(Yalanbee strain, Department of Agriculture Western Australia) per week. The 
weekly dose was  divided into two equal doses. The first dose was given on Day 0 
and the last dose on Day 48. Before each dosing the larval viability was checked by 
examination under a microscope. Approximately 5000 larvae of each species was 
suspended in 5ml of deionised water, warmed to room temperature (~20
oC) and 
given orally via a plastic syringe.  
 
Table 8.1: Experimental design and composition of diets 
Diet description  “Fresh” 
lucerne 
“Fresh” 
lucerne 
+ CMC 
“Fresh” 
lucerne 
+ larvae 
“Fresh” 
lucerne 
+ CMC 
+ larvae 
Lucerne 
chaff 
Lucerne 
chaff 
+ CMC 
Lucerne 
chaff 
+ larvae 
Lucerne 
chaff 
+ CMC 
+ larvae 
Sheep  per  treatment  (N) 6  6 6 6 6 6 6 6 
Dietary composition (% DM) 
“Fresh”  lucerne  100%  92% 100% 92%  -  -  -  - 
Lucerne  chaff  -  - - -  100%  92%  100%  92% 
CMC  -  8% - 8% - 8% - 8% 
Calculated and chemical analysis 
Mean  DM  45%  46% 45% 46% 89% 88% 89% 88% 
Mean ME (MJ/kg)  10.2  10.0
* 10.2 10.0
* 10.2 10.0
* 10.2 10.0
* 
Mean CP  25%  24%
* 25% 24%
* 24% 23%
* 24% 23%
* 
Digestibility (%DDM)  70%  69%
* 70% 69%
* 70% 69%
* 70% 69%
* 
Nematode L3 larval dosing 
Tel. circumcincta / week  -  -  10 000  10 000  -  -  10 000  10 000 
T. colubriformis / week  -  -  10 000  10 000  -  -  10 000  10 000 
CMC: High viscosity carboxymethylcellulose  ME: metabolisable energy (megajoules/kilogram)  CP: crude protein 
DM: dry matter          %DDM: percentage digestible dry matter   
 *Calculation based on analysis of ingredients 
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8.2.4  Statistical analysis 
All data were entered into a spreadsheet (Microsoft
® Excel
® for Mac 2004 
Version 11.2.3). The statistical analysis was performed using SPSS 11.0 for 
Macintosh OS X (Statistical Package for the Social Sciences, SPSS inc, Chicago, IL, 
USA) or Minitab for PC (Minitab Inc, USA).  
All mean data presented in the tables and graphs in this chapter are the mean 
of the raw data excluding any missing values. The data for each measurement tested 
was checked for equality of variances using Levene’s test for the equality of 
variance. Where variances were significantly difference, the data were transformed 
using the square root, cube root or a log transformation for analysis. If 
transformation did not result in the data having variances that were not significantly 
different, a non-parametric test was used. 
Where the variances were not significantly different, the effect of the 
treatments (roughage type fed for the first 20 days, CMC inclusion and larval 
infection) on the different measurements was performed using univariate analysis of 
variance (ANOVA) with three independent (fixed factor) variables and average daily 
intake was included as a co-variate where indicated. The differences in the mean 
measurements between the treatment groups was analysed using a least squares 
difference post-hoc test. pH and volatile fatty acid concentrations at different 
intestinal sites were compared using a paired T-test. 
Repeated measures analysis was performed using a general liner model with 
“time” included as a fixed effect. Analysis of WEC data was performed using 
log10(WEC+25). For the general linear models calculated for WEC, faecal 
consistency score and faecal dry matter, missing values were calculated by using the  
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average of the value before and after the missing value and one degree of freedom 
was subtracted for each missing value. 
For analysis of total worm counts, a “total pathogenic index” (TPI) based on 
a  “points system” previously described (Gardiner and Craig 1961; McKenna 1981) 
was used in which 4000 T. colubriformis, 3000 O. circumcincta and 4000 
unidentified immature larvae (all species) are each considered to represent one point. 
The TPI is described in more detail in Chapter 3.1. 
The number of days in which sheep had a faecal consistency score equal to or 
greater than 3.0 was analysed using ANOVA. A faecal consistency score of 3.0 or 
higher was chosen because a loss of pelleted structure of faeces has been associated 
with dag accumulation (Waghorn et al. 1998). 
8.3  RESULTS 
8.3.1  Feed intake 
The feed intake of sheep in the eight treatment groups are shown in Table 
8.2. The type of roughage fed for the first 21 days was the only factor to significantly 
affect mean intake over the entire experimental period. Roughage type significantly 
affected intake in the first 21 days when both the “fresh lucerne” and “chaff” diets 
were available whereby sheep fed the “fresh lucerne” diets tended to consume less 
than sheep fed the chaff diets (p<0.001). However, in the period of the experiment 
from day 22 until slaughter when all sheep were fed chaff, there was no significant 
difference in the dry matter intake of the sheep that had been fed chaff and those that 
were fed “fresh lucerne” in the initial 21 days for any of the treatment groups where 
the other treatments (CMC and larvae) were the same.  
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CMC inclusion significantly affected mean DMI in days 1-21 whereby intake 
was reduced in sheep fed CMC (p=0.031). There was no significant effect of CMC 
inclusion from day 22 until slaughter or mean DMI over the entire experiment. 
Larval dosing did not affect daily DMI of sheep in any period of the 
experiment as a main effect, but there was a significant interaction (p=0.045) 
between larvae and CMC from days 22-50 and a trend to an interaction between 
larval dosing and roughage type from days 1-21 (p=0.099). There were no 
significant interactions between factors affecting mean DMI over the entire 
experiment.  
Over the entire experiment, the sheep fed the lucerne chaff diet (with no 
CMC or larval dosing) consumed more than the other treatment groups and the 
sheep fed the chaff-based diets consumed more DM than sheep fed “fresh lucerne” 
diets for the first 21 days (p<0.001). As a result, sheep on the chaff-based diets 
would have consumed a greater quantity of CMC than sheep fed “fresh lucerne” 
diets and so for further analysis, DMI (“intake”) was included as a covariate.   
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Table 8.2: Mean dry matter intake of sheep (expressed as percentage of bodyweight) 
and ANOVA of effect of experimental treatments on dry matter intake 
Treatment N 
Intake 
Days 1 - 21 
Intake 
Days 22 – 50
* 
Total 
experiment 
“Fresh” lucerne  6  1.94
A 3.33
A 2.68
A 
“Fresh” lucerne + CMC  6  1.77
A 3.04
B 2.44
A 
“Fresh” lucerne + larvae  6  1.89
A 3.03
B 2.49
A 
“Fresh” lucerne + CMC + larvae 6  1.92
A 3.18  2.59
A 
        
Lucerne chaff  6  3.16
B 3.22  3.14
B 
Lucerne chaff + CMC  6  3.00
BC 3.18  3.04
C 
Lucerne chaff + larvae  6  3.05
BC 3.05
B 2.99
BC 
Lucerne chaff + CMC + larvae  6  2.80
BC 3.10  2.92
BC 
Mean   2.44  3.14  2.79 
Standard error of the difference    0.04  0.04  0.04 
Univariate ANOVA (p-values)        
Roughage (fed days 1-21)    <0.001  ns  <0.001 
CMC   0.031  ns  ns 
Larvae   ns  ns  ns 
Roughage x CMC    ns  ns  ns 
Roughage x larvae    0.099  ns  ns 
CMC x larvae    ns  0.045  ns 
Roughage x CMC x larvae    ns  ns  ns 
 
*all sheep fed lucerne chaff from day 22 
ns:  not significant (p>0.100) 
ABCD Within columns (intake period), means with different superscripts are significantly different 
(p<0.0.05)  
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8.3.2  Growth of sheep and gut weight at slaughter 
The weight change and full and empty gastrointestinal organ weights are 
shown in Table 8.3. 
Sheep in all of the treatment groups gained weight over the course of the 
experiment. Average daily gain (p=0.014) and the total gain proportional to entry 
weight (p=0.001) were both significantly affected by roughage type fed for the first 
21 days whereby sheep fed “fresh lucerne” in the initial 21 days tended to gain more 
weight that sheep fed the chaff diets. Total gain was also significantly affected by 
DMI. CMC inclusion and larval dosing did not significantly affect the weight gain of 
sheep during the experiment. 
Full gut weight (p=0.008) and empty total gut weight (p=0.002) were both 
significantly affected by larval dosing such that sheep that were dosed with larvae 
had greater total gut weight. Empty gut weight was also significantly affected by 
DMI (p=0.022) and there was a trend to an effect of roughage type fed in the initial 
21 days (p=0.059). 
The rumen-reticulum-omasum-abomasum (“stomach”) complex accounted 
for the greatest proportion of both full and empty total gut weight with no significant 
difference in the full or empty stomach weight between any of the treatment groups 
(p>0.100). None of the experimental treatments significantly affected full stomach 
weight and empty stomach weight was significantly affected only by DMI 
(p=0.046), although there was a trend to increased empty stomach-weight in sheep 
fed the “fresh” lucerne for the first 21 days of the experiment (p=0.059). 
Larval dosing significantly affected full and empty weight of both the small 
intestines (p<0.001) and large intestines (p<0.05) whereby sheep that were dosed  
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with larvae had heavier small and large intestines as a proportion of bodyweight. In 
addition, there were significant interactions between larval dosing and roughage type 
on full small intestine weight (p=0.044) whereby larval dosing increased full small 
intestine weight in the sheep fed the “fresh lucerne” for the first 21 days, but not in 
sheep fed the chaff diet. In addition there was a three-way interaction between 
roughage type, CMC inclusion and larvae affecting empty large intestine weight 
(p=0.043). 
CMC inclusion did not affect weight gain or weight of the intestinal organs 
with the exception of the three-way interaction between roughage type, CMC 
inclusion and larvae affecting empty large intestine weight.  
 
Table 8.3: Weight gain of sheep over experimental period (50 days) and proportion of gastrointestinal organs at slaughter (% liveweight) and 
ANOVA of effects of experimental treatments on mean weight gain and organ weight 
Treatment  Mean daily 
gain (g) 
Bwt change 
(%) 
Gut 
(% Bwt) 
Stomach(s) 
(% Bwt) 
Small intestine 
(% Bwt) 
Large intestine 
(%Bwt) 
Full Empty Full Empty Full Empty Full Empty 
“Fresh” lucerne  180
A 27.9
A 24.8
AB 7.7
AB 15.0  4.2  3.2
AB 1.2
A 4.7
AB 1.8
A 
“Fresh” lucerne + CMC  138
AB 19.7
BC 23.7
AC 7.5
A 16.8  3.8  3.1
A 1.2
A 4.4
AB 2.6
B 
“Fresh” lucerne + larvae  149
AC 21.9
AB 25.7
BC 9.7
B 15.0  4.9  4.6
C 1.9
B 4.8
B 2.8
B 
“Fresh” lucerne + CMC + larvae  149
AC 22.5
AC 25.5
AB 9.6
B 15.7  5.0  4.8
C 2.0
B 5.0
B 2.5
B 
              
Lucerne chaff  139
AB 20.8
AB 24.5
AB 8.8
AB 15.2  4.7  4.1
BC 1.4
AC 4.5
AB 2.8
B 
Lucerne chaff  + CMC  145
AC 22.3
AC 22.9
A 7.9
AB 15.2  4.2  3.2
AB 1.2
A 4.1
A 2.4
AB 
Lucerne chaff  + larvae  91
B 13.9
B 25.4
AB 8.4
AB 15.9  3.7  4.3
C 1.8
B 5.1
B 2.9
B 
Lucerne chaff + CMC + larvae  121
BC 16.9
BC 27.4
B 9.1
AB 17.4  4.6  4.3
C 1.7
BC 5.0
B 2.8
B 
Mean  139  20.7  25.0 8.6 15.8 4.4  3.9  1.6  4.7  2.6 
Standard  error  of  the  difference  8.35  1.43  0.33 0.33 0.52 0.32 0.15 0.06 0.13 0.11 
Univariate ANOVA (p-values)              
Intake (co-variate)  ns  0.007  ns  0.022  ns  0.046  ns ns ns ns 
Roughage (fed days 1-21)  0.014  0.001  ns  0.059  ns  0.072  ns ns ns ns 
CMC  ns  ns  ns ns ns ns ns ns ns ns 
Larvae ns  ns  0.008  0.002  ns  ns  <0.001 <0.001 0.011  0.027 
Roughage x CMC  ns  ns  ns  ns ns ns ns ns ns ns 
Roughage x larvae  ns  ns  ns  ns ns ns  0.044  ns ns ns 
CMC x larvae  ns  ns  ns  ns ns ns ns ns ns ns 
Roughage x CMC x larvae  ns  ns  ns ns ns ns ns ns ns  0.043 
 
ns: not significant (p<0.100)      Bwt: bodyweight, liveweight        Stomachs: reticulorumen, omasum and abomasum  
ABCD Values within columns with different superscripts are significantly different (p<0.05)  
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8.3.3  Worm Burdens 
Faecal worm egg counts over the course of the experiment are shown in 
Figure 8.1. Faecal worm egg counts tended to decline throughout each successive 
time period until day 43. A general linear model was developed for WEC and the 
results of the effect of the different experimental treatments on WEC are shown in 
Table 8.4. There were no significant main effects or interactions of any of the 
experimental treatments on WEC. There was a significant effect of “time” (p<0.001) 
and a trend to an effect of “animal number”(p=0.067) on WEC suggesting the WEC 
changed with time and that there was a difference between individual animals.  
 
Table 8.4: General linear model (GLM) of Log10(WEC+25) showing effect of 
treatment on WEC with roughage type, CMC inclusion and sampling time included 
as fixed variables and animal number as a random variable. 
GLM for Log10(WEC+25) (p-values) 
CMC ns 
Roughage (fed days 1-20)  ns 
Roughage x CMC  ns 
Animal number  0.067 
   
Time  <0.001 
Roughage x Time  ns 
CMC x Time  ns 
Roughage x CMC x Time  ns 
ns: not significant (p>0.100)  
 
Figure 8.1: Faecal worm egg count of sheep infected with larvae 
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Results of the total worm counts taken at slaughter (day 50 and 51) are shown 
in Table 8.5. There was good establishment of both Tel. circumcincta and T. 
colubriformis and all sheep developed infections with both species. T. colubriformis 
burdens were larger than Tel. circumcincta in all four of the infected treatment 
groups. The mean total pathogenic index in the four infected treatment groups ranged 
from 3.4 to 4.9.  
Numbers of Tel. circumcincta, immature adults, early and developing or L4 
larvae were similar in all 4 of the infected treatment groups. There was no significant 
effect of dry matter intake, roughage type fed for the first 21 days of the experiment 
or CMC supplementation on the adult Tel. circumcincta count, immature adult count, 
L4 larvae count, total worm count or L3 larval count taken at slaughter. 
There was a significant effect of CMC supplementation on T. colubriformis 
numbers whereby groups of sheep fed diets containing CMC had larger T. 
colubriformis burdens in the small intestine than sheep in the groups with no dietary 
CMC (p=0.036). This was greatest with the chaff-based diets whereby sheep that 
were supplemented with CMC had T. colubriformis burdens of approximately 160% 
that of the sheep not supplemented with CMC (p=0.055).  
    
Table 8.5: Mean strongyle numbers recovered from sheep post mortem (day 50) and ANOVA analysis of effect of experimental treatments on 
mean strongyle numbers at slaughter 
Treatment N  Tel. circumcincta  T. colubriformis  Immature DL4 EL4 L 3  TWC – L3 TPI 
“Fresh” lucerne + larvae  6  2 692  20 775
AB  883  3 158  3 575  117  31 083  6.3 
“Fresh” lucerne + CMC + larvae  6  2 367  24 950
A  550  2 175  2 458  183  32 500  7.2 
Lucerne chaff + larvae  6  3 300  14 350
B  *  925  2 842  2 450  100  23 867  4.9 
Lucerne chaff + CMC + larvae  6  3 233  22 650
AB  *  1 267  2 642  3 708  92  33 500  7.1 
Mean    2 898  20 681  906  2 704  3 048  123  30 238  6.4 
Standard error of the difference    803  2 003  235  434  621  62  2 872  0.65 
ANOVA p-values                  
Intake (covariate)    ns  ns ns  ns  ns  ns  ns  ns 
CMC   ns  0.036  ns ns  ns  ns ns  ns 
Roughage (fed days 1-20)    ns ns  ns  ns  ns  ns  ns  ns 
Roughage x CMC    ns ns  ns  ns  ns  ns  ns  ns 
ABMeans with different superscripts are significantly different (p<0.05) 
* T. colubriformis numbers recovered in “chaff + larvae” compared with “chaff + CMC + larvae” p=0.055 
N: number of sheep per treatment 
EL4 and DL4: early and developing fourth stage larvae 
TWC – L3: total strongyle worm count excluding L3 larvae 
TPI: Total pathogenic index 
ns: not statistically significant (p>0.100) 
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8.3.4  Faecal Parameters 
FCS results are shown in Figures 8.2a and b and Table 8.7. FDM results are 
shown in Figures 8.3a and b and Table 8.7. Increased FCS were associated with 
softer, looser faeces and lower FDM content values were associated with increased 
faecal moisture. 
A general linear model was developed for FCS and FDM and the results of 
the effect of the different experimental treatments on these parameters are shown in 
Table 8.6. The factors that influenced FCS and FDM were complex. The general 
linear models showed that for both FCS and FDM, there were a number of 
significant interactions between one or more of the experimental treatments that also 
interacted with “time”. Both models also demonstrated that there was a significant 
effect of “sheep number” (random effect) and “time” (fixed effect) when these were 
included. 
Univariate ANOVA analysis of the mean FCS showed that there was an 
effect of roughage type on mean FCS from days 7-22, but there was no significant 
effect of type of roughage fed for days 1-21 on mean FCS for days 28-50 when all 
sheep were fed the chaff ration.  
The number of sheep in each group with a FCS equal to or greater than 3.0 
(soft faeces with loss of pellet structure or firm paste) and frequency distribution of 
the number of days with a FCS of 3.0 or higher are shown in Table 8.8. All of the 
sheep in the “lucerne chaff+CMC+larvae” group and five of the six sheep in the 
“lucerne chaff+CMC” group had faeces with a loss of pellet structure at some time 
during the experiment. In contrast, none of the sheep in the “lucerne chaff” group 
and no more than three of the six sheep in the three other groups had faeces with a  
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loss of pellet structure at some time during the experiment. None of the eight 
treatment groups had a mean faecal consistency score greater than 3.0 for more than 
two of the 13 sampling days from days 7-50 and only four of the 48 sheep had a 
faecal consistency score of 3.0 or greater on more than two sampling days. 
 
Table 8.6: p-value results for general linear model (GLM) of faecal consistency score 
(FCS) and faecal dry matter (FDM) showing effect of treatment on FCS and FDM 
with roughage type fed from days 1-21, CMC inclusion, larval dosing and day of 
sample collection (time) included as fixed variables and animal number as a random 
variable 
Factor 
GLM p-value 
FCS  FDM 
Intake (co-variate)  0.005  <0.001 
Roughage (fed days 1-21)  0.001  0.040 
CMC <0.001  <0.001 
Larvae 0.010  ns 
Roughage x CMC  ns  ns 
Roughage x larvae  ns  ns 
CMC x larvae  ns  ns 
Roughage x CMC x larvae  ns  ns 
Sheep number (roughage, larvae. CMC) <0.001  <0.001 
    
Time <0.001  <0.001 
Roughage x time  ns  0.067 
CMC x time  ns  0.098 
Larvae x time  ns  ns 
Roughage x CMC x time  0.038  ns 
Roughage x larvae x time  0.012  0.048 
CMC x larvae x time  0.006  0.022 
Roughage x CMC x larvae x time  0.006  0.068 
 
ns: not significant (p>0.100). 
 
Table 8.7: Mean faecal consistency scores and dry matter content for faeces collected during experiment and ANOVA analysis showing effect of 
treatments on mean faecal score and dry matter for the entire experiment and for the two parts of the experiment when fresh lucerne was and was 
not available. 
Diet  Faecal consistency score  Faecal dry matter (%) 
Days 7-22  Days 28-50
*  Mean  Days 7-22  Days 28-50
* Mean 
“Fresh” lucerne  2.0
AB 1.9
AB 1.94
AB 33.5
ABC 31.9
AB 32.6
ABC 
“Fresh” lucerne + CMC  2.0
AC 1.9
AB 1.94
AB 33.9
ABC 30.8
AB 32.2
ABC 
“Fresh” lucerne + larvae  2.1
AC 1.7
C 1.86
BC 33.8
ABC 33.2
A 35.5
AB 
“Fresh” lucerne + CMC + larvae  2.3
CD 2.2
D 2.22
D 32.7
A 31.0
AB 31.9
AC 
        
Lucerne chaff  1.5
E 1.7
ACE 1.64
C 36.3
B 33.3
A 34.6
B 
Lucerne chaff + CMC  2.1
BC 1.9
BF 2.00
ABD 32.1
AC 30.8
AB 31.4
AC 
Lucerne chaff + larvae  1.8
A 1.9
BE 1.84
BC 33.8
ABC 32.6
A 32.2
ABC 
Lucerne chaff + CMC + larvae  2.1
BC 2.1
DF 2.14
AD 32.1
AC 29.5
B 30.7
C 
Mean  2.0  1.9  1.95 33.5 31.6 32.5 
Standard  error  of  the  difference  0.04 0.03 0.04 0.54 0.47 0.45 
Days  sampled/sheep/period 6  7 13 6  7 13 
ANOVA (p-value)        
Intake  (covariate)  <0.001  ns 0.092 ns  ns  ns 
Roughage (fed day 1-21)  <0.001  ns  0.029  ns  ns  ns 
CMC 0.001  <0.001  <0.001  0.012  0.005  0.004 
Larvae 0.022  0.012  0.014  ns  ns  ns 
Roughage  x  CMC  ns ns ns  0.050  ns ns 
Roughage  x  larvae  ns ns ns ns ns ns 
CMC x larvae  ns  0.017  ns  ns  ns  ns 
Roughage x CMC x larvae  ns  0.015  ns  ns  ns  ns 
ns: not significant (p>0.100) 
*all sheep fed lucerne chaff in the period from day 22 until slaughter 
ABCD Mean values within columns with different superscripts are significantly different (p<0.05) 
 
Figure 8.2a: Faecal consistency scores of sheep in groups that were fed “fresh lucerne” for the first 21 days of the experiment. 
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Figure 8.2b: Faecal consistency scores of sheep in groups that were fed lucerne chaff for the duration of the experiment. 
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Figure 8.3a: Faecal dry matter measurements for sheep that were fed “fresh lucerne” for the first 21 days of the experiment  
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Figure 8.3b: Faecal dry matter measurements for sheep fed lucerne chaff for the duration of the experiment 
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Table 8.8: The frequency distribution of the number of sampling days between day 7 and day 50
* that sheep had a faecal consistency score (FCS) 
of 3.0 (loss of pellet structure) or higher and the mean number of days that sheep had FCS of 3.0 or higher with univariate analysis of variance 
(ANOVA) 
*Faeces were sampled on 13 days between day 7 and day 50 of the experiment 
ns: Not significant (p>0.100) 
Diet  Frequency distribution (N sheep) of number of days that sheep had FCS  3.0   Mean days 
with FCS3  0 days  1 day  2 days  3 days  4 days  5 or more days 
“Fresh”  lucerne  3 1 2 0 0  0  0.83
AB 
“Fresh” lucerne + CMC  5  0  0  1  0  0  0.50
AB 
“Fresh” lucerne + larvae  3  3  0  0  0  0  0.50
AB 
“Fresh” lucerne + CMC + larvae  3  1  0  0  1  1  2.00
B 
           
Lucerne  chaff  6 0 0 0 0  0  0
A 
Lucerne chaff + CMC  1  3  1  0  0  1  1.67
B 
Lucerne chaff + larvae  3  2  1  0  0  0  0.67
AB 
Lucerne chaff + CMC + larvae  0  4  2  0  0  0  1.33
AB 
M e a n           0 . 9 4  
Standard error of the difference          0.89 
ANOVA p-value           
Intake  (covariate)          ns 
Roughage (fed day 1-21)              ns 
CMC          0.050 
Larvae          0.050 
Roughage  x  CMC          0.002 
Roughage  x  larvae          ns 
CMC  x  larvae          ns 
Roughage x CMC x larvae              ns  
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8.3.5  Digesta consistency 
In most of the sheep, the digesta in the large intestine distal to the spiral colon 
was pelleted with a similar consistency to faeces at post-mortem examination. 
Proximal to the spiral colon, digesta was more fluid with a liquid to pasty 
consistency. Two sheep (one in “fresh lucerne” and one in “lucerne chaff + worms”) 
had small intestinal contents that were yellow and creamy in consistency starting 
from just proximal to the common bile duct and extending several metres distally. 
No gross changes were noted in the mucosa of the small intestine or anywhere else in 
the gastrointestinal tract of these two sheep and the consistency of the contents in the 
caecum and large intestine was similar to that seen in the other sheep. 
The results obtained for digesta DM content and apparent viscosity of the 
digesta supernatant are outlined in Table 8.9. There was a consistent trend across all 
treatments for digesta DM to increase moving distally along the intestinal tract. Only 
larval dosing appeared to affect digesta DM at more than one location of the 
gastrointestinal tract, specifically the ileum (p=0.035), caecum (p=0.051) and 
proximal colon (p=0.070) whereby sheep dosed with larvae had lower digesta DM 
than sheep not dosed with larvae. 
There was no clear trend of changes in apparent viscosity of digesta 
supernatant along the gastrointestinal tract across the groups and there was a 
relatively small range of mean apparent viscosities (1.45 to 2.72 mPas). The effect 
of experimental treatments on apparent viscosity was most clearly observed in the 
ileum. In the ileum, CMC increased apparent viscosity (p<0.001) and larval dosing 
reduced apparent viscosity (p<0.001). However, there was a significant interaction 
(p=0.006) between these two factors whereby CMC increased apparent viscosity in 
uninfected sheep but not in the infected sheep. In addition, the increase in apparent  
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viscosity associated with CMC supplementation was only about 1mPas and the 
differences between groups in the other locations in the gastrointestinal tract were 
even smaller than this.  
Apparent viscosity in the caecum was increased in sheep fed “fresh lucerne” 
(p<0.001), fed CMC (p<0.001) and dosed with larvae (p<0.001). In addition, there 
was a significant interaction between roughage and CMC (p=0.013) whereby CMC 
increased apparent viscosity in sheep fed “fresh” lucerne but not in those fed chaff in 
the first 21 days of the experiment. There was a trend to an interaction between the 
same two factors in the proximal colon (p=0.097), although at this site CMC 
increased apparent viscosity in sheep fed “fresh” lucerne and apparent viscosity was 
decreased in sheep fed chaff in the first 21 days of the experiment. In the distal colon 
there was a significant complex three-way interaction between roughage fed for first 
21 day, CMC and larvae (p=0.047), but the magnitude of difference in apparent 
viscosity between the treatments was small. 
  
 
Table 8.9: Group mean values for digesta dry matter content and apparent digesta viscosity and ANOVA analysis of effect of treatments on 
mean digesta dry matter and apparent viscosity 
Treatment 
Digesta dry matter (%)  Apparent digesta viscosity (mPas) 
Ileum Caecum Prox. 
Colon 
Distal 
colon  Faeces Ileum  Caecum Prox. 
Colon 
Distal 
Colon  Faeces 
“Fresh” lucerne  11.6
A 13.6
AB 17.8
A 24.0 25.2
A 1.72
A 1.78
AB 1.71
A 1.94
AB 1.76
A 
“Fresh” lucerne + CMC  8.9
AB 14.4
A 16.7
AB 22.7 26.4
AB 2.51
B 2.14
CD 1.75
A 1.90
AB 2.32
AB 
“Fresh” lucerne + larvae  8.3
AB 12.6
B 15.5
AC 23.2 27.6
AB 1.50
A 1.89
B 1.93
AB 1.90
ABC 2.32
B 
“Fresh” lucerne + CMC + larvae  8.3
AB 14.5
A 14.4
BC 22.7 26.8
AB 1.63
A 2.19
C 2.34
B 2.07
A 2.17
AB 
            
Lucerne chaff  10.6
AB 13.5
AB 15.4
AC 24.8  28.6
B 1.54
A 1.56
A 1.85
AB 1.52
CD 1.80
AB 
Lucerne chaff + CMC  10.6
AB 14.3
A 13.7
C 25.4  25.9
AB 2.72
B 1.73
AB 1.73
A 1.65
BD 2.20
AB 
Lucerne chaff + larvae  9.6
AB 12.3
B 13.4
C 26.9  27.4
AB 1.45
A 1.91
BD 2.21
AB 1.84
ABC 2.20
AB 
Lucerne chaff + CMC + larvae  7.7
B 13.2
AB 14.9
AC 28.6  25.7
A 1.71
A 1.76
AB 1.80
AB 1.46
D 2.21
AB 
Mean  9.5  13.5 15.2 24.8 26.7 1.85 1.87 1.91 1.78 2.10 
Standard  error  of  the  difference  0.64 0.28 0.51 1.24 0.38 0.10 0.04 0.10 0.06 0.09 
ANOVA: p-value            
Roughage  ns  ns 0.022  0.071 ns  ns  <0.001  ns 0.001 ns 
CMC  ns  0.008  ns ns ns  <0.001  0.008  ns ns ns 
Larvae  0.035  0.051  0.070 ns  ns  <0.001  0.036  0.039 ns 0.051 
Roughage  x  CMC  ns  ns  ns  ns 0.086 ns 0.013  0.097 ns  ns 
Roughage  x  larvae  ns ns ns ns ns ns ns ns ns ns 
CMC  x  larvae  ns ns ns ns ns  0.006  ns ns ns ns 
Roughage x CMC x larvae  ns  ns  ns ns ns ns ns ns  0.047  ns 
 
ABC Values within columns with different superscripts are significantly different (p<0.05) 
ns: not significant (p>0.100)  
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8.3.6  Digesta pH and VFA production 
The group mean of measurements of intestinal fermentation (pH and volatile 
fatty acid production) are shown in Table 8.10. Mean VFA concentrations were 
highest in the rumen and caecum (p<0.001) and lowest in the ileum (p<0.001). Mean 
pH was lowest in the rumen (p<0.001), highest in the distal colon (p<0.001) and was 
similar in the ileum, caecum and proximal colon (p>0.100). 
Digesta pH tended to increase along the gastrointestinal tract, although mean 
values in the ileum, caecum and proximal colon were similar.  
Of the three treatments tested (roughage, CMC and larvae), CMC most 
consistently affected digesta pH (ileum, caecum and proximal colon) and VFA 
concentration (caecum, proximal colon and distal colon) whereby CMC 
supplementation generally increased pH and deceased VFA concentration. There was 
however several significant interactions between factors in both the caecum and 
proximal colon (Table 8.10). 
  
   
Table 8.10: Group mean of measures of intestinal fermentation (pH and volatile fatty acid production) and ANOVA analysis of effect of 
experimental treatments on mean digesta pH and total VFA 
Treatment 
Digesta pH  Total VFA (mmol/L) 
Rumen Ileum Caecum  Prox. 
colon 
Distal 
Colon  Rumen Ileum Caecum Prox. 
colon 
Distal 
Colon 
“Fresh” lucerne  5.9
A 7.1
AB 6.7
A 6.8
A 7.1
A 101.7
A 11.0 122.2
A 97.0
AC 76.6
A 
“Fresh” lucerne + CMC  6.3
B 7.4
A 6.9
BC 7.0
AB 7.3
AB 114.3
AB 12.0  78.5
B 77.9
BC 42.1
B 
“Fresh” lucerne + larvae  6.0
AB 6.6
CD 7.0
BC 6.9
AB 7.2
AB 124.0
AB 9.1  80.2
B 91.2
AB 80.6
A 
“Fresh” lucerne + CMC + larvae  6.0
AB 6.9
BD 7.0
BC 6.9
AB 7.4
AB 114.6
AB 11.6  76.1
B 108.2
A 65.3
AC 
                   
Lucerne chaff  6.3
AB 6.5
C 6.9
AC 6.8
A 7.5
AB 111.3
AB 9.9  174.1
C 88.4
AB 71.8
AD 
Lucerne chaff + CMC  6.0
AB 7.2
AB 6.9
AB 6.9
AB 7.2
AB 103.2
A 13.0 127.7
A 76.7
BC 48.7
BCD 
Lucerne chaff + larvae  6.0
AB 7.0
AB 6.9
AB 6.9
AB 7.5
B 130.8
B 12.8 130.2
A 104.9
A 66.1
AB 
Lucerne chaff + CMC + larvae  6.0
AB 7.2
AB 7.2
B 7.1
B 7.5
B 124.7
AB 9.8  82.9
B 70.4
B 45.6
BC 
Mean 6.1  7.0  6.9  6.9  7.3  115.6  11.2  108.9  88.3  61.4 
Standard error of the difference  0.07  0.07  0.05  0.04  0.07  4.7  0.88  3.8  3.9  4.1 
ANOVA: p-value                   
Roughage ns  ns  ns  ns  0.074  ns  ns  <0.001  ns  ns 
CMC  ns 0.001  0.027  0.024 ns  ns  ns <0.001  0.033  <0.001 
Larvae  ns ns  0.029  ns ns  0.022  ns  <0.001  ns  ns 
Roughage  x  CMC  0.083 ns  ns  ns 0.059  ns  ns  0.016  0.050  ns 
Roughage x larvae  ns  0.001  ns  ns  ns  ns  ns  0.054  ns  ns 
CMC x larvae  ns  ns  ns  ns  ns  ns  ns  0.034  ns  ns 
Roughage x CMC x larvae  ns  ns  0.093  ns  ns  ns  ns  0.035  0.010  ns 
 
ABC Values within columns with different superscripts are significantly different (p<0.05) 
ns: not significant (p>0.100)  
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8.4  DISCUSSION 
8.4.1  Feed intake, growth of sheep and gut weights 
The average feed intake and the growth rate of all of the treatment groups 
was typical for Merino sheep of this age not receiving grain supplementation (Kirby 
and Beretta 2004). Not surprisingly higher intake was associated with higher rates of 
weight gain. 
Sheep fed the “fresh lucerne” diet in the first 21 days did not consume as 
much dietary DM as sheep fed the chaff diets over the course of the experiment. This 
is most likely due to the considerably longer stem length in the fresh lucerne diet that 
necessitated longer chewing time, thus potentially limiting intake (Weston 2002). It 
is also possible that the process by which the “fresh lucerne” was harvested reduced 
the palatability of the diet. 
In spite of the heavy worm burdens that developed in the infected treatment 
groups, there was no associated decrease in DMI or weight gain over the course of 
the experiment. This was probably due to the quality and ad libitum availability of 
feed on offer. The diets had a high protein content, an adequate energy content and 
were of adequate digestibility. Highly digestible diets and diets with adequate 
protein content are associated with higher rates of intake than is seen with diets that 
are of low digestibility and deficient in protein content relative to the requirements of 
the sheep (Weston 2002). There is a great deal of evidence suggesting that nutrition, 
and in particular dietary protein, affects the ability of the host to cope with the 
consequences of parasitism (“resilience”) and maintain normal production (Coop and 
Holmes 1996; Coop and Kyriazakis 1999, 2001; Sykes and Coop 2001).   
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Larval dosing had a significant effect on the weight of the small and large 
intestine whereby parasitised sheep tended to have heavier intestines relative to 
bodyweight. This was an interesting result and the effect of parasitism on the 
intestinal size of sheep relative to carcase size does not appear to be well described. 
A study of intestinal protein synthesis and parasitism found that guinea pigs infected 
with T.colubriformis had heavier gastrointestinal tracts compared with uninfected 
guinea pigs as a proportion of bodyweight (Symons and Jones 1983). A study of the 
effect of genotype on effects of parasitism found that ten-month-old Merino sheep 
selected for low WEC had significantly lighter small intestines and significantly 
heavier large intestine as a proportion of bodyweight compared with unselected 
sheep after 12 weeks of trickle infection with Tel. circumcincta and T. colubriformis 
(Liu et al. 2005). In the same experiment, uninfected sheep had significantly lighter 
small and large intestines as a proportion of bodyweight compared with infected 
sheep (Shimin Liu, unpublished). 
The significance of heavier gut weights in sheep infected with strongyle 
larvae would be that strongyle infection could be expected to have an impact on the 
dressing out percentage of sheep consigned for slaughter. 
Studies of the effect of CMC on body composition in pigs showed CMC 
increased full but not empty small and large intestinal weights after two weeks of 
CMC supplementation (McDonald et al. 2001). Increased large intestine size 
resulting from supplementation with CMC has also been reported in rats (Wyatt et 
al. 1988). In contrast, our results that showed no significant main effect of CMC on 
full weight of the small or large intestine. Possible reasons for the lack of an effect of 
CMC on full intestinal weight include fermentation of CMC in the rumen or hindgut, 
greater water resorptive capacity in the hindgut of sheep, greater length of intestines  
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in sheep compared with other species, differences in transit digesta time through the 
gut or physiological adaptation to the altered gut environment over the longer course 
of our experiment. CMC supplementation was part of a significant three-way 
interaction between roughage, CMC and larval infection suggesting that any role of 
CMC in increasing large intestinal size in sheep is complex. In this experiment, 
CMC supplementation increased empty weight of the large intestine, but only in 
uninfected sheep fed “fresh lucerne” for the first 21 days and the mechanism by 
which this change occurred was not tested. 
8.4.2  Parasite burdens 
All of the treatment groups infected with larvae developed what would be 
described as “heavy” worm burdens (Radostits et al. 1994). Several authors have 
suggested the use of a “total pathogenic index” (TPI), although the number of worms 
of each species that constitutes one point varies slightly between authors (Gardiner 
and Craig 1961; McKenna 1981). The values used to calculate TPI in this study were 
based on the values used by Gardiner and Craig because their study was made under 
Western Australian conditions using Merino sheep and because these are the values 
currently recommended by the Animal Health Laboratories (Department of 
Agriculture) in Western Australia (Animal Health Laboratories 2005d). Based on 
these values, all of the groups dosed with larvae had combined TPI score in excess 
of 4 which exceeds the threshold value of 2 suggested as “harmful” in weaner sheep 
(Gardiner and Craig 1961). 
T. colubriformis established larger burdens in all infected treatment groups 
compared with Tel. circumcincta, although the reason for this was not tested. The 
mean establishment rate for adult Tel. circumcincta was approximately 3.6% (2898 
adult/70 000 L3) over the experimental period and 29.5% (20 681 adult/70 000 L3)  
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for adult T. colubriformis (Table 8.5). This appears to be a common finding in pen 
experiments where sheep are given mixed infections (Dobson et al. 1992; Dobson 
and Barnes 1995). Other researchers have noted that Tel. circumcincta establishment 
tends to show large variation between and within experiments and establishment 
may be increased when sheep are fed low quality diets (Dobson and Barnes 1995). 
The sheep in the present experiment were fed a diet high in metabolisable energy 
and crude protein (Table 8.1). 
Two experiments conducted at around the same time used similar types of 
sheep (10-month-old Merinos and 18-month-old Merinos not specifically selected 
for low WEC), the same pattern of infection and the same strains of strongyles 
(10,000 L3/week of Yalanbee strains of Tel. circumcincta and T. colubriformis). In 
these experiments, the sheep developed similar levels of adult worm infections to 
those observed in the present experiment, specifically approximately 6000 adult Tel. 
circumcincta and 12 000 adult T. colubriformis (Dieter Palmer and Shimin Liu, 
unpublished). Possible reasons for the difference in rate of establishment of the two 
species include differences in viability of the cultured larvae, host immune response 
to the two species and host gastrointestinal physiology or physiologically-mediated 
mechanisms affecting establishment in the abomasum (Tel. circumcincta) or the 
small intestine (T. colubriformis). 
The sheep in this experiment were ten-months-old and not naïve to strongyle 
worm infections, although it was anticipated that they would have had limited 
exposure to larvae over the hot dry summer period for the three months prior to the 
start of the experiment. Prior exposure to strongyle parasites and subsequent 
establishment of immunity may in part explain why WEC fell to a “low” level  
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somewhat quickly and why WEC were relatively “low” compared to the “large” 
burdens, particularly of adult T. colubriformis.  
The mechanism by which CMC increased adult T. colubriformis burdens and 
the repeatability of this result was not tested and warrants further investigation. 
Some of the changes in the small intestine associated with feeding CMC to 
monogastrics include increased viscosity of intestinal contents (van der Klis et al. 
1993a; McDonald et al. 2001), inhibited mixing of digesta, interference with nutrient 
absorption and diffusion of nutrients through the lumen to the epithelial surface 
(Johnson and Gee 1982; van der Klis et al. 1993a; Smits et al. 1997), alteration to 
intestinal motility and slowed transit through the small intestine (van der Klis et al. 
1993a), increased production of intestinal secretions (bile salts, digestive enzymes 
and mucins), increased thickness of the unstirred layer overlying the epithelium 
(Johnson and Gee 1982), reduced ileal pH (van der Klis et al. 1993a) and altered 
structure of the intestinal mucosa (McDonald et al. 2001). It is not clear whether any 
of these factors may affect T. colubriformis establishment in the small intestine. 
Increased digesta viscosity appears to provide a favourable luminal 
environment for the establishment and proliferation of certain pathogenic bacteria in 
the porcine small intestine (McDonald et al. 2001; Pluske et al. 2002). It has been 
postulated that the slowing of digesta transit through the proximal small intestine 
associated with increased viscosity of digesta (Cherbut et al. 1990) and the changes 
in the mucin layer overlying the epithelium may play a role in the increased 
establishment and proliferation of pathogenic bacteria in the small intestine 
(McDonald et al. 2001; Pluske et al. 2002) as well as providing osmotic drag that 
exacerbates clinical diarrhoea (van der Klis et al. 1993a). The physical and chemical  
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conditions of the luminal environment that may control establishment of T. 
colubriformis in sheep does not appear to be well studied. 
CMC supplementation affected T. colubriformis establishment in the small 
intestine of sheep fed chaff diet (p=0.055) but there was no significant difference in 
the establishment of T. colubriformis in sheep fed “fresh lucerne” in the first 21 days 
of the experiment. The mechanism by which roughage type may affect the outcome 
of CMC supplementation was not examined, but may reflect differences in the 
fermentation and ruminal escape of the CMC between the two diets or may be due to 
differences directly attributable the roughage such as intake and digesta flow rate. 
8.4.3  Faecal parameters 
All three experimental treatments (roughage type fed for the first 21 days, 
CMC and larvae) plus intake were all significant main effects for FCS and all but 
larvae were significant for faecal moisture. This supported the hypotheses that 
dosing with strongyle larvae and diets based on “fresh lucerne” and supplemented 
with CMC will result in looser wetter faeces. However, the general linear model 
demonstrated that the factors that determine both FCS and FDM are complex, 
particularly with respect to “time” with a number of significant interactions between 
factors and “time”. This was a reflection of the fluctuation of both FCS and FDM 
over the course of the experiment, even within the same animal. Analysis of the 
“number of scouring days” also suggested that scouring (faecal consistency score 
3.0) was a sporadic event.  
The factors that determine faecal consistency in sheep are not well studied. 
Faecal pellets are formed by segmental contractions of the spiral colon (Bedrich and 
Ehrlein 2001), specifically the centrifugal coils and if the digesta contains more than 
80% water at this point, normal pellets will not be formed (Waghorn et al. 1999).  
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There does not appear to be any ability of the colon to form faecal pellets distal to 
the spiral colon. As a result, the water content of digesta in the spiral colon and rate 
of passage through the centrifugal coils probably plays a major role in the 
determination of faecal consistency. Sheep have a very large capacity for the 
resorption of water from all parts the large intestine and so there is potential for 
compensatory resorption of water distal to the spiral colon so long as the osmotic 
gradient is appropriate and digesta passage is not too fast. Consequently faecal 
moisture is probably less sensitive than faecal consistency to factors that affect 
digesta passage through the colon. 
There were significant three-way interactions between CMC, larvae and time 
on FCS and FDM. There was also a four-way interaction between larval dosing, 
CMC, roughage type and time for faecal consistency score and a trend to a similar 
interaction for faecal dry matter (p=0.068). This suggests that at certain time points, 
diet may interact with disease factors (in this case strongyle infection) to impact 
faecal consistency. This is consistent with the finding that diet may exacerbate the 
symptoms, or rather the “expression” of gastrointestinal disease in monogastric 
species (Pluske et al. 1997; McDonald et al. 2001; Pluske et al. 2002; Hopwood et 
al. 2004) . 
The roughage source fed in the first 21 days affected mean faecal consistency 
score over the experiment and affected faecal dry matter for the first 20 days when it 
was fed. This was surprising as the fresh diet was not as “fresh” as was hoped when 
this experiment was designed. The lucerne was fairly mature when harvested and 
had dried out considerably between harvesting and baling. More work on the effect 
of roughage type on faecal consistency is warranted. Young lush pasture, preferably 
grazed fresh by sheep would provide the most appropriate model and would allow  
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for study of the effect of roughage type that is most relevant to scouring seen in the 
field. Accurate measures of intake using faecal markers would be necessary. Another 
interesting finding about the roughage type was that sheep fed fresh roughage had 
softer wetter faeces even though DMI was lower in these sheep. Normally increased 
intake is associated with loose wet faeces and this is generally attributed to faster 
transit times. The results of this experiment suggest that any effect of roughage type 
on faecal consistency might be related to factors other than simply intake. 
Despite the establishment of large worm burdens in the infected sheep, no 
sheep suffered from profuse watery diarrhoea during the experiment. Several 
individuals had pasty diarrhoea and this seemed to occur regularly every second or 
sometimes every third day. Intake also seemed to have a pattern whereby sheep 
would consume more or less feed on alternate days, so the occurrence of pasty faeces 
in these animals may have been related to changes in intake or rumen flow rate. The 
temporal pattern of intake was not analysed in this study, but may be related to gut 
fill and time spent ruminating as sheep were observed to spend considerable parts of 
the day ruminating. 
8.4.4  Digesta consistency, pH and VFA concentration 
There was a statistically significant increase in the apparent viscosity of the 
digesta in the small intestine of non-parasitised sheep supplemented with CMC 
suggesting that some CMC escaped rumen fermentation. CMC also had a significant 
effect on apparent viscosity in the caecum, although the interactions between factors 
affecting apparent viscosity in the caecum were complex. Other authors have 
suggested that increased apparent viscosity in the large intestine infers an absence of 
significant breakdown of CMC by microbial fermentation (Wyatt et al. 1988; 
McDonald et al. 2001). No increase in apparent viscosity was evident in the  
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parasitised sheep, possibly due to changes in the gut attributable to pathology 
associated with the parasites and the host immune response. A study of the effect of 
digesta viscosity and coccidiosis in poultry found that the increase in intestinal 
digesta viscosity as a result of supplementation with CMC was considerably reduced 
in chickens inoculated with Eimeria acervuline and E. praecox (Waldenstedt et al. 
2000). The authors of this study attributed this to the “osmotic and absorptive 
changes in the intestinal tract caused by the parasites.” 
The relative increase in apparent viscosity in the small intestine of the non-
parasitised sheep fed diets containing 8% CMC was smaller in magnitude than the 
increase observed in pigs fed 4% CMC (McDonald et al. 2001). Another difference 
in the findings of the present study compared with work in other species was the 
absence of an effect of CMC on digesta dry matter in the colon or faeces. 
Specifically CMC supplementation reduced digesta dry matter content at these 
locations in pigs (McDonald et al. 2001) but this was not observed in the sheep in 
the present study. The most likely reason for these differences between the pig and 
sheep experiments was adaptation of rumen and hindgut microbes with subsequent 
fermentation of a portion of the CMC in sheep. A number of cellulolytic rumen 
bacteria have been identified as producing -endoglucanases that are capable of 
degrading CMC (Chesson and Forsberg 1997).  
The fermentability of the CMC was not explored in this experiment. Studies 
in cattle have shown that ruminal bacteria from animals fed hay had twice as much 
CMC-ase activity as ruminal bacteria from cattle fed 90% grain (Fields et al. 1998). 
Given that the sheep in this experiment were fed a roughage-based diet, it is 
therefore possible that there would have been some degree of ruminal fermentation 
of the CMC. However, there was no effect of CMC supplementation on rumen total  
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VFA concentration. Conversely, CMC supplementation had a significant effect on 
VFA concentration in the hind gut where it had a tendency to reduce total VFA 
concentration with no concurrent significant reduction in digesta dry matter. The 
mechanism by which CMC may have reduced VFA production in the hindgut is not 
known. A similar response has been shown in pigs and rats supplemented with CMC 
and has been attributed to large amounts of digesta in the large intestine (Wyatt et al. 
1988; McDonald et al. 2001). However, there was no concurrent increase in the 
amount of digesta present in the large intestine of sheep in this study. 
Supplementation with CMC had a significant effect on digesta pH in the 
ileum, caecum and proximal colon where there was a tendency for higher pH in 
CMC-supplemented sheep. This result was interesting as studies in pigs (McDonald 
et al. 2001), and chickens (van der Klis et al. 1993a) have shown that pH in the 
small and large intestine is usually reduced by supplementation with CMC. The 
authors of these studies attributed this to a change in microbial population increasing 
lactate production, reduced starch digestion in the small intestine or an increase in 
the thickness of the unstirred layer interfering with the exchange of HCO
3- and H
+ 
ions across the epithelium. A possible explanation for the different result observed in 
the sheep in this experiment and monogastrics in other experiments is that CMC 
supplementation may have encouraged the proliferation of lactate-utilising microbes 
in the gastrointestinal tract of the sheep, although this was not tested in this 
experiment.  
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8.5  CONCLUSIONS 
This experiment examined the effect of two dietary factors (roughage type 
and CMC supplementation) and a disease agent (strongyle larvae) on faecal 
consistency on faecal consistency and strongyle establishment over a period of 50 
days. Sheep were euthanased and some measurements of the environment in the gut 
were made.  
All groups (with the exception of the “chaff only” group) had sheep that 
produced faeces with a lack of pellet structure sporadically throughout the 
experiment. The general linear model demonstrated that the factors that determine 
faecal consistency are complex. This experiment demonstrated significant 
interactions between diet (roughage and CMC), disease agents (strongyle larvae) and 
time of sampling on faecal consistency and faecal moisture. Dry mater intake also 
had a significant effect on faecal consistency and moisture. 
Sheep supplemented with CMC and sheep fed a “fresh lucerne” ration had 
looser wetter faeces over the course of the experiment. CMC supplementation also 
increased digesta pH in the small intestine, caecum and proximal large intestine and 
reduced the concentration of VFA in the caecum and large intestine. Larval dosing 
twice weekly with Tel. circumcincta and T. colubriformis larvae significantly 
reduced digesta dry matter and increased apparent viscosity in the small intestine, 
caecum and proximal colon but did not affect intake or body weight change. Sheep 
dosed with larvae had looser faeces over the course of the experiment. Establishment 
of T. colubriformis was significantly greater in sheep supplemented with CMC and 
this difference was most apparent in sheep fed the chaff diets for the entire 
experiment. This suggested a relationship between the environment in the gut and 
establishment of T. colubriformis in the small intestine. 
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CHAPTER 9:  GENERAL DISCUSSION AND CONCLUSIONS 
9.1  GENERAL DISCUSSION 
Whilst scouring and dags are a major production concern for sheep producers 
in the south west of Western Australia, the causes have been poorly understood. This 
thesis aimed to describe the occurrence of diarrhoea and dag in the south-west of 
Western Australia and further examine the causes of “low worm egg count (WEC) 
scouring” in adult sheep and some nutritional interactions that may exacerbate 
diarrhoea. 
The two main factors commonly implicated as a cause of diarrhoea in sheep 
of post-weaning age are internal parasites and nutrition (Chapter Two). More 
specifically, internal parasites have been associated with two major syndromes with 
respect to scouring, specifically helminthosis (or “high WEC scouring”) and the 
larval hypersensitivity scouring syndrome that has been linked to “low WEC 
scouring”. The experiments in this thesis suggested that factors related to immature 
strongyle larvae, diet and the immune response interact to determine the severity of 
scouring in sheep. 
One of the key findings of this thesis was that in flocks of sheep affected by 
low WEC scouring, scouring sheep had a significantly higher number of immature 
worms, specifically fourth stage larvae (L4), compared with unaffected animals 
(Chapter Six). Thorough clinical investigations found no apparent difference in 
WEC, evidence of bacterial, protozoal or viral infectious causes, selenium status or 
histopathological changes between scouring and unaffected sheep. A presumptive 
diagnosis of larval hypersensitivity scouring was made in eight of the nine flocks 
investigated. Findings that scouring and dag were more severe in winter and spring 
months in adult sheep (Chapter Four), high WEC were not common in the winter  
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and spring months in lines of adult sheep consigned for slaughter (Chapter Five), 
WEC were not significantly different in scouring sheep and normal sheep (Chapters 
Five and Six) and best-practice worm control did not reduce the risk of 
moderate/severe dag (Chapter Four) support the hypothesis that immature strongyle 
larvae and larval hypersensitivity scouring were implicated in the low WEC scouring 
observed. 
The characteristics of the larval hypersensitivity scouring syndrome were 
first outlined following a series of studies in mature sheep in western Victoria in the 
1990s (Larsen 1997; Larsen et al. 1999). Since then, larval hypersensitivity scouring 
has been commonly implicated as a cause of “low WEC scouring” in Western 
Australia (Besier 1998b). The study described in this thesis (Chapter Six) is the first 
to conduct detailed clinical investigation of sheep from flocks with low WEC 
scouring in Western Australia and further examine whether larval hypersensitivity 
scouring syndrome was likely to be implicated. Sheep affected by larval 
hypersensitivity scouring syndrome typically have a well-developed immunity to 
strongyle worms and therefore do not have high mean flock WEC. Affected sheep 
are described as having a hypersensitive inflammatory response in the pylorus and 
upper jejunum characterised by infiltration of eosinophils and an altered lymphocyte 
population in response to the ingestion of trichostrongylid larvae (Larsen 1997; 
Larsen et al. 1999). However, since the initial studies were conduced in western 
Victoria, the characteristics of the syndrome have not been further described. With 
no specific post-mortem findings or diagnostic tests available, larval hypersensitivity 
scouring remains largely a diagnosis of exclusion.  
Diet has been commonly implicated as a cause of scouring and prior to the 
description of the larval hypersensitivity scouring syndrome in the literature,  
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“nutritional scours” due to lush green feed was the common “diagnosis by 
exclusion” for low WEC scouring (Napthine 1988; Glastonbury 1990; Farquarson 
1992). It is possible that diet may interact with disease agents to determine the 
severity of disease expression, specifically diarrhoea. Work on the larval 
hypersensitivity scouring syndrome suggested that nutritional factors may contribute 
to the severity of the syndrome (Larsen 2000) and in many instances, green pasture 
seems to be necessary for scouring to occur. This is supported by work in 
monogastric species demonstrating interactions between dietary factors and disease 
agents in both the development and expression of disease (Pluske et al. 1997). 
However, the interaction between diet and expression of enteric disease has received 
relatively little attention in sheep. This thesis looked to further investigate the roles 
of three factors on scouring in sheep of post weaning age in the south west of 
Western Australia, specifically worm burdens (high WEC scouring), larval 
hypersensitivity scouring syndrome and possible nutritional interactions with 
disease. 
The mail out survey described in Chapter Four described the prevalence of 
moderate and severe dag in different age/gender classes of sheep and demonstrated 
three important points about the epidemiology and likely causes of scouring and dag 
in the south west of Western Australia. Firstly, scouring and dag were more severe in 
the winter and spring months in all classes of sheep. Secondly, scouring and dag 
were apparently more common in young sheep and mated ewes. Finally, “best 
industry practice” worm control did not seem to “protect” flocks of sheep from 
developing scouring and dag. 
The patterns of both seasonality and susceptibility of classes of sheep suggest 
that internal parasites, diet or a combination of both may be involved in scouring and  
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dag. In the south west of Western Australia, winter and spring months provide the 
conditions most favourable for larval survival on pasture. Consequently susceptible 
sheep may develop sufficiently large worm burdens with potential for “high WEC 
scouring” and seasonal patterns of both total worm counts and faecal worm egg 
counts are commonly observed in southern Australia (Besier 2004). Alternatively, 
genetically susceptible sheep that have developed immunity to strongyles may 
develop larval hypersensitivity scouring syndrome associated with the ingestion of 
larvae from pasture in the winter and spring months. 
The finding that adoption of “best practice worm control” did not reduce the 
risk of scouring and dag in susceptible sheep was consistent with the notion that 
larval hypersensitivity scouring syndrome may play a role in scouring and dag in 
susceptible sheep. It has been previously suggested that good worm control will not 
prevent larval hypersensitivity scouring syndrome (Larsen 1997; Larsen et al. 1999). 
Another important finding was that flocks of sheep with low mean WEC still contain 
a proportion individuals with high adult and immature worm burdens. Immature 
worm burdens are not reflected in WEC and there was an association between size of 
L4 burden and scouring observed in this study (Chapter 6). This has practical 
relevance for animal health advisors that are using WEC as a basis for deciding if 
anthelmintic treatment are indicated for flocks of scouring sheep. 
Apart from favourable conditions for larval survival on pasture, winter and 
spring in the south west of Western Australia also provides green pasture diets for 
sheep. The limited data collected in the mail out survey did not demonstrate whether 
the seasonal pattern of scouring and dag was related to larval survival on pasture, 
dietary aspects of lush green pasture (typically annual ryegrass and subterranean 
clover in the survey region) or a combination of the two. In addition, the survey did  
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not allow for a distinction to be made between WEC and dag, specifically whether 
moderate-severe dag was associated with high or low WEC in the various flocks.  
The investigation of internal parasites in sheep consigned for slaughter 
(Chapter Five) demonstrated that high WEC were common in young sheep (less that 
two-years-old) and much less common in adult sheep. There was a trend towards an 
association of higher WEC with scouring in the young sheep but not in the older 
sheep. These findings support the hypothesis that large adult worm burdens are 
common in lambs (young sheep) and may be a cause of scouring associated with 
high WEC that were observed in young sheep. In the adult sheep, scouring 
associated with high WEC was much less common, suggesting that larval 
hypersensitivity scouring or nutritional causes were more likely explanations for the 
majority of scouring cases rather than large adult worm burdens. This was supported 
by the finding of no scouring adult lines in November and January, despite the staff 
at the abattoir and the samplers keeping a careful watch for scouring lines of sheep. 
During the months of November and January, sheep were grazing dry pasture and/or 
crop stubbles. In addition, climatic conditions are unfavourable for larval survival on 
pastures during these months. 
The results of the investigation of nine flocks of sheep affected by “low 
WEC scouring” (Chapter Six) also supported the hypothesis that larval 
hypersensitivity scouring syndrome or unidentified nutritional factors were the most 
likely cause of the scouring in these flocks. As with the studies in Chapters Four and 
Five, it was not possible to confirm a diagnosis of either larval hypersensitivity 
scouring syndrome or nutritional scouring, primarily because both of these 
conditions are a “diagnosis by exclusion” and there are no specific diagnostic tests or 
findings that allows confirmation of either diagnosis.  
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Evidence of bacterial, viral or protozoal causes of diarrhoea were not 
identified in association with histopathological changes at a flock level in any of the 
nine flocks investigated. The post-mortem examinations identified sporadic sheep 
with evidence of yersiniosis, coccidiosis and/or total worm counts sufficiently high 
to make a diagnosis of helminthosis. One of the nine properties had sheep with flock 
WEC sufficiently high to support the diagnosis of “high WEC scouring” due to large 
adult strongyle worm burdens. The sheep from this property that underwent post 
mortem examination also had signs of concurrent coccidiosis associated with the 
large worm burdens and so the final diagnosis on this property was helminthosis 
(associated with ivermectin resistance) and secondary coccidiosis. The underlying 
factor in this case was overwhelming larval challenge in combination with 
nutritional stress and ML resistance. The final diagnosis on the other eight properties 
was “low WEC scouring”, presumably caused by larval hypersensitivity scouring or 
nutritional factors by exclusion of other known causes of scouring.  
The main finding of interest in the investigation of the nine flocks of sheep 
was that despite the lack of difference in WEC or total worm count of scouring and 
normal sheep, the scouring sheep had higher numbers of fourth stage strongyle 
larvae (L4) compared with the normal sheep and the difference in L4 numbers was 
mainly present in the contents of the abomasum and the small intestine, but not in 
the abomasal digest. The L4 were not speciated in this study and it was not possible 
to determine if the EL4 were arrested Tel. circumcincta. As a result, it was not clear 
if the difference in L4 was due to differences relating to the rate of arrested 
development (resulting from variation in the host immune response of the affected 
sheep) or differences in the intensity of larval intake in the affected sheep compared 
with the normal sheep. This was a previously unreported finding and warrants  
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further investigation. In particular, the likely interaction between the immunity of the 
host and degree of larval inhibition (Eysker 1978; Seaton et al. 1989; Dobson et al. 
1990a; Eysker 1993) suggests that immunological factors relating to the host may 
affect the severity of scouring, supporting the hypothesis that host immunity plays an 
important role in low WEC scouring. This is supported by observations that sheep 
selected for low WEC have more dags than unselected sheep (Douch et al. 1995; 
Bisset et al. 1996a; Bisset et al. 1996b; Karlsson and Greeff 1996; Bisset et al. 1997; 
Greeff and Karlsson 1998a; Karlsson et al. 2004; Pollott et al. 2004) and suggests 
that a “favourable immune response” to strongyle larvae may be associated with 
both inhibition of larval development to adult stages, but also be associated with 
increased risk of low WEC scouring and severe dag. 
The immunological and seasonal factors that affect the degree of arrested 
development of strongyle parasites of sheep in Western Australia are not well 
understood and these have been discussed in more detail in Chapter 6.4.2. Speciation 
of larvae using molecular techniques (Gasser et al. 1994; Schnieder et al. 1999) is 
possible and may provide a clue as to the relative importance of the immature stages 
of  Tel. circumcincta and Trichostrongylus  spp. in scouring sheep. The current 
method of differentiating developing and arrested L3 (Tel. circumcincta) and EL4 
(Trichostrongylus spp.) involves housing sheep for at least two weeks to prevent 
further larval pick-up. However, removing sheep from pasture and housing them for 
this amount of time will change other factors relating to scouring and not provide an 
accurate assessment of the larval population and gut changes that were evident when 
the sheep were actively scouring, precluding this as a method for “field” studies 
investigating the causes of “low WEC scouring” of sheep on pasture. In addition, 
investigation of numbers of immature larval stages requires euthanasia of the sheep.  
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This would preclude large-scale studies or repeated measures observations of the 
interaction between immature strongyle stages and scouring in individual sheep over 
a period of time.  
The absence of a change in faecal moisture or consistency in the scouring 
sheep treated with ivermectin controlled-release capsule and a fully effective drench 
in any of the eight flocks affected by “low WEC scouring” was unexpected. The 
reason for the absence of a response was not clear, although may have been due to 
ongoing antigenic stimulation, failure of the treatment to remove all of the L4 (both 
early and developing L4) due to ML resistance or differences between the mode of 
action of albendazole and ivermectin on recently exsheathed early fourth stage 
larvae. The absence of a response to treatment may also suggest that factors other 
than larval intake may contribute to the low WEC scouring syndrome. 
Nutritional causes of scouring and internal parasites (both large adult worm 
burdens and larval hypersensitivity scouring syndrome) were difficult to separate at 
the on-farm level as both lush green pastures and high levels of larvae on pasture 
were present concurrently. The pen studies described in Chapters Seven and Eight 
were designed to investigate how a dietary factor that causes changes in the physical 
and chemical environment within the gut, specifically soluble non-starch 
polysaccharides (sNSP), might affect faecal consistency and interact with disease 
agents, specifically strongyle worms, to determine the severity of expression of 
disease as scouring. 
The first two pen experiments (Chapter 7.1 and 7.2) validated the use of 
carboxymethylcellulose (CMC) as a model for studying the effects of sNSP on 
faecal consistency. CMC was used in the model because it mimics sNSP both 
chemically and physically and because the microbial population in the ovine rumen  
  Chapter Nine: General Discussion and Conclusions  Page 347 
and hindgut can “adapt” to CMC such that it mimics changes in sNSP in the diet in a 
“on-farm” situation. CMC behaves essentially as soluble cellulose (cellulose is 
normally insoluble). These pen experiments showed that CMC was an appropriate 
model for studying the effect of sNSP in the diet and that supplementation of the 
ration with CMC resulted in softer, looser faeces with a higher water content. 
However, measurement of sNSP in three common types of pasture plants suggested 
that the level of sNSP in these plants were low at the time of year when scouring is 
common (Chapter 8.3) and so dietary sNSP alone probably does not explain the 
severity of scouring and faecal consistency changes observed in sheep grazing lush 
green pasture. The diets used in the pen experiments are therefore more appropriate 
as “proof of concept” that sNSP may cause faecal consistency changes and interact 
with strongyle parasites, although there is no evidence that these changes will be 
observed in sheep grazing pasture. 
The third pen experiment (Chapter Eight) investigated the interaction 
between two nutritional factors (specifically the “freshness” of the roughage and 
CMC supplementation) and disease agents (strongyle larvae). In this experiment, 
scouring was sporadic and was not as severe as observed in sheep grazing green 
pasture. This was similar to the observations made by other authors that the severity 
of scouring seen in the “field” on commercial farms is difficult to replicate with 
artificial larval infection, even in experiments where sheep are grazed on pasture 
(Larsen 1997, 2000). 
The major finding of the third pen experiment (Chapter Eight) was that 
dietary intake, roughage type, CMC and larval intake all affected faecal consistency. 
The interactions between the dietary factors and disease agents (strongyle larvae)  
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were complex and these interactions varied significantly over the period of the 
experiment. 
The other major finding from the pen experiments was that Trichostrongylus 
colubriformis establishment was greater in the small intestine of sheep supplemented 
with CMC. The mechanism by which this occurred was not clear and the experiment 
should be repeated to determine whether this is a consistent finding. The observation 
that dietary factors that influence the chemical and/or physical environment in the 
gut may affect parasite establishment was a novel finding in sheep. This finding is 
consistent with observations of interactions between dietary carbohydrates and 
internal parasite establishment in other species, specifically nematode establishment 
in the small intestine of rats (Sun et al. 2002) and the large intestine of pigs 
(Petkevicius et al. 1995; Petkevicius et al. 1997; Petkevicius et al. 1999; Petkevicius 
et al. 2001; Petkevicius et al. 2003; Petkevicius et al. 2004). Similar interactions 
have also been demonstrated between dietary carbohydrates and bacterial diseases in 
monogastrics (Pluske et al. 1997; Pluske et al. 2002). 
The association between Giardia and Cryptosporidium in the scouring lines 
of adult sheep at an abattoir (Chapter Five) was a previously unreported finding. 
However, the significance of infection with these organisms and the possibility of a 
causal association between their presence and scouring in adult sheep was not clear. 
Based on the existing understanding of these organisms, it seems unlikely that 
infection with these organisms could explain a large proportion of the cases of “low 
WEC scouring”. Mucosal pathology associated with these protozoal parasites is not 
commonly observed in mature sheep in Western Australia (personal communication: 
D. Forshaw & D. Palmer, Animal Health Laboratories, Department of Agriculture 
Western Australia; A O’Hara, Senior Pathologist, Murdoch University School of  
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Veterinary and Biomedical Science, Western Australia), nor was there any evidence 
of pathology associated with these organisms in any of the nine scouring flocks 
investigated in Chapter Six. In contrast, signs of mucosal pathology associated with 
Cryptosporidium and Giardia organisms are more commonly observed in 
histopathological intestinal sections of calves affected by diarrhoea in Western 
Australia. 
9.2  FUTURE WORK 
A number of areas requiring further investigation were identified during the 
course of this study. The most striking was the deficiency in understanding of the 
mechanism of the larval hypersensitivity scouring syndrome and subsequent 
difficulty in confirming a diagnosis. Further investigation of the immunological and 
pathological processes associated with this syndrome will allow for development of 
“diagnostic tests” (such as immunohistochemistry to identify affected sheep) which 
in turn may assist in better understanding the epidemiology of the field condition. 
The epidemiology of the field condition is currently poorly understood, particularly 
the factors other than genetics that determine the variability in severity of expression 
of the disease between different flocks, properties and years. The development of 
diagnostic tools could be used to better estimate the prevalence of the condition and 
explore the reasons for the commonly observed variation in severity of the 
syndrome. A better understanding of the epidemiology of this condition is necessary 
to allow advisors to make recommendations to help manage the condition in 
susceptible sheep and minimise economic and production losses associated with the 
subsequent dag. 
Another area identified as requiring further investigation was quantification 
of the production costs associated with different levels of L3 intake from pasture in  
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adult sheep on a good nutritional plane, specifically sheep grazing good quality 
pasture. There is much more data available for the effects of L3 ingestion for younger 
sheep, much of which was obtained in pen experiments. 
In addition, information is relatively scarce concerning the economic impact 
of worm burdens in sheep meat enterprises, specifically on the production costs 
associated with worm burdens in cross-bred prime lambs on good nutrition. Much of 
the available data was calculated using Merino sheep in wool-based systems, often in 
sheep exposed to levels of nutrition closer to “maintenance” levels rather than those 
needed to obtain the high growth rates typically seen in meat enterprises producing 
prime lambs for slaughter. Clarification of the impact of worm burdens on such 
factors as effect on time to slaughter, feed conversion, stocking rate and carcass 
quality of lambs in both pasture and feedlot systems with different worm burdens 
and under different levels of nutrition would provide better data to evaluate the 
economic impact of parasitism under different production systems. 
Independent of the on-farm effects of parasitism, scouring has been identified 
as a major problem by sheep meat processors in southern Australia. The incidence of 
scouring in sheep at abattoirs and the economic costs for processors are not clear. If 
the sheep meat processing industry chooses to follow up the results of the present 
study with further investigation of strongyle parasitism in sheep at slaughter, there is 
a need to quantify the degree of faecal concentration and elevation of WEC that 
occurs when sheep are in lairage, the correlation with scouring and risk of carcase 
contamination and the economic costs for both producers and processors. 
A better understanding of the physiology of faecal formation is needed to 
assess the role of diet in scouring sheep. It was not clear whether diet alone may 
induce scouring or if it is an interaction with disease agents. The most likely disease  
  Chapter Nine: General Discussion and Conclusions  Page 351 
agent appears to be strongyle larvae ingested with pasture. The survey of producers 
in this study (Chapter Four) identified winter and spring as a major risk factor for 
scouring in all classes of sheep. In a Mediterranean climate such as that in south-
west WA, the two major features of these seasons are that sheep are grazing lush 
green pasture and that conditions are favourable for larval survival on pasture. As 
these two factors are generally present concurrently, it is difficult to separate the 
effects of “diet” and “parasitism” at an on-farm level and this may require further 
investigation under carefully controlled-experimental conditions, as well as those 
conducted in the field. 
Another aspect of “scouring” that warrants investigation is clarification of the 
link between genetics and scouring (or faecal consistency) as opposed to “dag”. 
Clearly there are several factors other than faecal consistency that play a role in the 
development of dag. In selecting sheep for “low dag” there is potential for selecting 
for differences in factors such as breech conformation (that is in turn affected by 
mulesing technique) as well as faecal consistency. In addition, when selecting sheep 
for improved faecal consistency, it would seem worthwhile to determine the 
physiological basis involved. For example, are sheep being selected for changes in 
gut physiology with slower transit times through the large intestine or a different 
expression of immunity to ingested strongyle larvae? The heritability of the specific 
physiological traits, the expression of these traits across different environments with 
different patterns of antigenic stimulation and nutrition, and other implications of 
selecting for these traits (specifically on other production parameters) warrant 
consideration. 
The results of the pen experiments showed that increasing the viscosity of 
digesta caused looser wetter faeces and increased T. colubriformis establishment in  
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the small intestine. The factors affecting viscosity of digesta in sheep grazing pasture 
and the fermentability of sNSP in sheep warrant further investigation, as do the 
interactions between the physical and chemical environment within the gut, parasite 
establishment and the expression of disease.  
Finally, the role of different genotypes of Giardia and Cryptosporidium was 
highlighted as an area for further research. Specifically, the role of Cryptosporidium 
andersoni in sheep warrants further investigation, particularly to determine if it may 
be associated with abomasal pathology and detrimental effects on feed conversion 
efficiency as has been identified in cattle in North America. 
9.3  CONCLUSIONS 
The larval hypersensitivity scouring syndrome described by Larsen et al 
(1997; Larsen et al. 1999) remains a likely common cause of “low WEC scouring” 
in mature sheep in the southwest of Western Australia based on the existing 
knowledge of the syndrome, the epidemiological features of scouring in mature 
sheep and the lack of any other identifiable diseases associated with scouring being 
commonly identified. However, the lack of a diagnostic test for the larval 
hypersensitivity scouring syndrome means that it is difficult to confirm the diagnosis 
and quantify the prevalence of the syndrome. Although genetic factors are likely to 
explain the differences in the severity of scouring between individual sheep within a 
flock, this does not explain the wide variability in the prevalence of scouring 
between flocks of a similar genotype and run on similar pastures (ie groups of sheep 
on a single property that have a similar genetic background, are subjected to the 
same culling decisions and graze similar pastures in different paddocks, but which 
exhibit marked difference in prevalence of severe dag). It is difficult to isolate the 
effects of disease associated with larval intake and the effects of nutrition on faecal  
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consistency at a “farm level” because lush green pasture and high levels of larval 
intake are generally concurrently present, and this, plus factors that determine the 
relative immune status (or function) of particular flocks warrants investigation. 
The results from the pen experiments (Chapters Seven and Eight) suggested 
that complex relationships between strongyle larvae and nutritional factors were 
present. These interactions may play a role in determining the expression of disease, 
specifically scouring. The complex interactions between strongyle larvae and 
nutritional factors also had a temporal basis, making it difficult to predict faecal 
consistency response to these factors at a given time point. 
The pen experiments (Chapters Seven and Eight) also demonstrated that 
nutrition may influence faecal consistency in the absence of disease agents as well as 
interacting with disease agents to affect the outcome of disease. The factors that 
determine faecal consistency in both healthy and diseased sheep are not well 
understood and warrant further investigation.  
There were two important findings in the flocks affected by “low WEC 
scouring”, specifically that scouring sheep may have larger numbers of L4 strongyle 
larvae compared with normal sheep and that treatment with a fully effective drench 
and ivermectin CRC may not result in an improvement of faecal consistency in 
sheep that are actively scouring and exposed to ongoing high levels of larval intake.  
The epidemiological findings (Chapter Four) and the WEC conducted in 
sheep consigned for slaughter (Chapter Five) suggested that large adult worm 
burdens associated with “high WEC scouring” are common in lambs and young 
sheep under two years of age and should be considered as a major cause of scouring 
in flocks of younger sheep. However, whilst there was a trend to higher WEC in  
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scouring lambs compared with the normal lambs, the association between WEC and 
scouring in the young sheep flocks was not clear. Interactions between diet, 
strongyle infections and the expression of disease by scouring (Chapter Eight) may 
in part explain why these associations were not clear and warrant further 
investigation before more specific recommendations can be made at a farm level. 
The results of the WEC in sheep consigned for slaughter (Chapter Five) 
showed that scouring was a poor indicator of high WEC and in many cases, 
subclinical worm infections were not obvious and economic losses may have been 
considerable. The implication of this is that extension campaigns should emphasise 
the need for WEC in making decisions about the need for anthelmintic treatments. 
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CHAPTER 11: APPENDIX 
11.1 APPENDIX ONE: MAIL OUT QUESTIONAIRRE SURVEY 
The cover letter and the survey questionnaire described in Chapter Four is 
shown below:  
 
 
31 July, 2002 
 
Dear Sheep Producer: 
 
RE: Survey for project investigating scouring in sheep 
 
My name is Caroline Bath and I am a post-graduate student at Murdoch University 
working on a project investigating scouring (diarrhoea) in adult sheep. The project is 
aimed at investigating the causes of scouring in adult sheep on WA farms and ways 
of preventing problems with simple cost-effective on-farm solutions. The project is 
being carried out in conjunction with the Western Australian Department of 
Agriculture and Murdoch University with support from Meat and Livestock Australia. 
The supervisory team includes Associate Professor David Pethick (Nutritionist and 
Biochemist, Murdoch University), Dr Brown Besier (Parasitologist, Department of 
Agriculture) and Dr Kevin Bell (private consultant and Murdoch University). 
 
One part of this project involves a survey designed to gain background information 
on scouring and the observations of producers. The survey involves general 
questions about your property and sheep as well as your observations of scouring 
and dag over the past year. It takes about 5 to 10 minutes to complete and a 
stamped addressed envelope is included for its return. Interested producers may also 
be asked to fill out monthly updates on the occurrence and severity of scouring in 
their flocks that will provide us with valuable information of the timing of scouring and 
any possible interactions with pasture quantity and composition. 
 
If you would like to help with this project, please complete the attached survey and 
return it in the envelope provided before 31 October, 2002. Everyone returning a 
survey will be sent a copy of the results once they have been collated. 
 
All surveys received by 31
st October (NOT 31
st August as on the cover page of 
the survey) will go into a draw to win one of two prizes consisting of 6 bottles 
of premium Western Australian wines. The winners will be notified in 
November. 
 
If you have any questions or comments regarding the project, please contact me on 
(08) 9360 2235 or Brown Besier on (08) 9892 8444. 
 
Yours sincerely, 
 
 
 
 
 
Caroline Bath 
PhD Candidate  
 
 
 
 
SCOURING SURVEY 2002 
 
Thank-you for taking the time to complete our survey. This survey is intended to obtain 
information of the extent of scouring in sheep and to identify possible causes as a basis for the 
development of control measures. There is some space at the end for you to make any 
comments that you feel may be important or relevant.  
 
If you run sheep on more than one property, please provide answers for the property with the 
largest amount of sheep. 
 
If you have any questions, please call Caroline Bath at Murdoch University on 9360 2235 or e-
mail cbath@murdoch.edu.au. 
 
All information is strictly confidential. 
 
Please send replies in the self addressed envelope supplied to: 
 Caroline  Bath 
  Division of Veterinary and Biomedical Sciences 
 Murdoch  University 
 South  Street 
Murdoch  WA  6150 
 
Or fax replies to (08) 9360 2235 
 
All replies received by 31 August go into the draw to win one of 2 half dozen bottles of great 
Western Australian wines. 
 
Background Information 
 
1.  Your Name:    
 
2.  Property Name:    
 
 
3.  Location (shire and name of 
nearest telephone exchange) 
 
 
 
4.  Cleared area of property    
____________ Hectares OR ___________ Acres 
 
5.  Average annual rainfall:    
___________ mm OR __________ inches 
DEPARTMENT OF 
 
 
6.  Area in crop in 2002:   
 
 
7.  Area grazed in 2002:   
 
 
8.  Please list your main 
agricultural enterprises: 
(List as many as appropriate for 
your property eg. cropping, beef, 
wool, aquaculture, agriforestry, 
merino stud) 
Enterprise Approximate  %  income 
 
   
 
   
 
   
 
   
 
   
 
   
 
Sheep Information 
9.  Sheep Enterprises 
Please indicate the % of flock 
that each enterprise accounts 
for 
Wool Prime 
Lambs  Shippers Stud 
Other:
Please Specify: 
        
 
10. Month lambing 
commenced in 2001 
 
If different mobs start 
lambing in different months, 
please specify age and/or 
breed for that month 
 
Feb 
  
March 
  
April 
  
May 
  
June 
  
July 
  
Aug 
  
Sept 
  
Other 
Please Specify 
 
11. Approximate number 
of sheep as of 31 
December, 2001 
Ewes 
 
 
 
 
Wethers 
 
 
 
 
Rams 
 
 
 
 
Hoggets 
(2000 drop - 
black tag) 
 
 
 
Lambs 
(2001 drop - 
White tag) 
  
 
 
12. Do you run any other 
stock on your 
property? 
Cattle  No    Yes    Numbers: 
Goats  No    Yes    Numbers: 
 
Other  Please Specify: 
 
Numbers: 
 
13. Average micron of 
main fleece line shorn 
in 2001  _______microns 
 
14. What is your source 
of rams over the last 
5 years? 
Optional - list stud names or 
other source of genetics. 
 
 
 
 
 
 
 
15. Month(s) of shearing 
in 2001-2002 
Jul 
01 
Aug 
01 
Sept 
01 
Oct 
01 
Nov 
01 
Dec 
01 
Jan 
02 
Feb 
02 
Mar 
02 
Apr 
02 
May 
02 
Jun 
02 
                           
If shear mobs at different 
times, please indicate mobs 
shorn in that month 
 
E=ewes H=hoggets L=lambs 
W=wethers 
 
              
 
16. Month(s) of 
crutching in 2001-
2002 
Jul 
01 
Aug 
01 
Sept 
01 
Oct 
01 
Nov 
01 
Dec 
01 
Jan 
02 
Feb 
02 
Mar 
02 
Apr 
02 
May 
02 
Jun 
02 
                           
If crutched mobs at different 
times, please indicate mobs 
crutched in that month 
 
E=ewes H=hoggets L=lambs 
W=wethers 
 
               
 
 
17. Please indicate 
the severity and 
timing (month or 
season) of dag in 
2001-2002 
 
Absent: no dag 
Mild: light soiling 
around the tail 
Moderate: dag 
extending down the 
breech, heavier soiling 
around the tail 
Severe: heavy soiling 
down the breech and 
legs 
 
Please use the 
“comments” area to 
indicate whether 
affecting only a few 
sheep, half the sheep, 
most of the sheep, etc. 
 
 
  Absent Mild Moderate  Severe  Estimated percent affected 
and/or comments  Unsure 
Lambs/Weaners (White tags) 
Winter 
2001                  
Spring 
2001                  
Summer 
2001-02                  
Autumn 
2002                  
Winter 
2002                  
Hoggets (black tags) 
Winter 
2001                  
Spring 
2001                  
Summer 
2001-02                  
Autumn 
2002                  
Winter 
2002                  
Ewes (wet or mated)
Winter 
2001                  
Spring 
2001                  
Summer 
2001-02                  
Autumn 
2002                  
Winter 
2002                  
Ewes (dry or unmated) 
Winter 
2001                  
Spring 
2001                  
Summer 
2001-02                  
Autumn 
2002                  
Winter 
2002                  
Wethers 
Winter 
2001                  
Spring 
2001                  
Summer 
2001-02                  
Autumn 
2002                  
Winter 
2002                   
 
 
   Absent Mild Moderate  Severe  Estimated percent affected 
and/or comments  Unsure 
Rams 
Winter 
2001                  
Spring 
2001                  
Summer 
2001-02                  
Autumn 
2002                  
Winter 
2002                  
 
18. Month of drenching 
in 2001-2002 
 
Please indicate drench used 
below box 
Jul 
01 
Aug 
01 
Sept 
01 
Oct 
01 
Nov 
01 
Dec 
01 
Jan 
02 
Feb 
02 
Mar 
02 
Apr 
02 
May 
02 
Jun 
02 
Lambs (white tag) 
                           
Hoggets (black tag) 
                           
Ewes (mated) 
                           
Ewes (not mated) 
                           
Wethers 
                           
Rams 
                           
  
 
 
19. Which drenches have 
you used in the last 
12 months? 
 
If you used more than one 
drench type, please indicate 
which sheep each drench was 
used for (ie lambs, ewes).  
 
A list of drenches available in 
WA is attached to jog your 
memory. 
Drench name  Mob  
For example: Cydectin 
Ivomec 
Lambs – Oct and Dec 
Wethers and ewes - Jan 
 
 
 
 
 
 
 
 
 
 
 
 
 
20.  Who gives you 
advice on the timing 
of a drench? 
Private 
Vet 
 
 
  
Consultant
 
 
 
  
Ag 
Department 
 
 
  
Sales 
person 
 
 
  
No one 
 
 
  
Other 
Please specify 
 
21.  Who gives you 
advice on which 
drench to use? 
Private 
Vet 
 
 
  
Consultant
 
 
 
  
Ag 
Department 
 
 
  
Sales 
person 
 
 
  
No one 
 
 
 
  
Other 
Please specify 
 
 
22.  Do you use faecal 
egg counts when 
making decisions 
about drenching? 
Never 
  
Occasionally 
  
Usually  
  
Always 
  
 
23.  Have you done a 
drench resistance test 
on your farm? 
No 
  
Yes 
  
 
Date of last test:_______________ 
 
Results:_________________________
_______________________________
_______________________________
______________________  
 
 
24. Did you introduce 
any new sheep in 
2002 
No 
  
Yes 
  
Number and class of sheep: 
(ie 10 rams, 300 red tag ewes) 
________________________________________
________________________________________ 
 
25. If you answered YES to 
the above question, did 
you use a “quarantine 
drench” on these 
animals? 
A “quarantine drench” is a 
treatment given to new animals 
before they are released onto the 
paddocks which are usually 
grazed. One drench or a 
combination of different 
drenches may be used. 
No 
  
Yes 
  
Drench(es) used: 
________________________________________
________________________________________
________________________________________ 
Contact Details 
26. Do you have access to 
the internet?  Yes   No    
 
27. Do you use e-mail? 
Yes   No    
 
28. How would you 
prefer to be 
contacted? 
Phone  
  
Fax  
  
E-mail 
  
 
29. Phone number(s):  Home:________________ Mobile:_______________ 
 
30. Fax number: 
 
 
31. E-mail address: 
(if applicable)  
 
 
 
32. Would you like to be 
involved in any 
follow-up work on 
this project 
Yes 
  
No 
  
 
 
Thank-you for taking the time to complete this questionnaire. 
 
If you have any further comments, please feel free to write them in the 
space below or on the back of the page.  
 
11.2 APPENDIX TWO: FLETCHERS SURVEY 
The cover letter and the survey questionnaire used in the study described in 
Chapter Five are shown below. Separate questionnaires were used for “lambs” (no 
incisors erupted) and “mutton” (incisors erupted). This questionnaire was sent to 
producers that consigned sheep for slaughter. Each survey had a sticker on the front 
that showed the name of the consigner, date of slaughter, number and description of 
sheep (ie “120 Merino ewes”, “210 crossbred lambs”, etc). 
  
  
 
 
 
 
 
Division of Veterinary and Biomedical Studies 
Murdoch University  
MURDOCH         WA        6150 
 
 
23 April 2009 
 
 
GR Adams & Co 
Sheep Farm 
RMB 666 
Kojonup 6395 
 
 
Dear Mr Adams: 
 
SHEEP PARASITE STUDY 2002/03 
 
We are carrying out a study on to investigate parasite burdens in sheep at slaughter, with the 
support of Meat and Livestock Australia.   
 
Samples for parasites were taken from lines of sheep consigned to Fletcher’s International at 
Narrikup during 2002/03. Some of the sheep sampled came from a line from your property.  
 
Some brief background information on the sheep will allow us to interpret our findings and develop 
recommendations for producers and processors. 
 
Where dates are asked for, a month or approximate time relative to lambing is sufficient. There is some 
space at the end of the questionnaire for any comments that you may like to make.  
 
If you have any questions about this study, please call any of the researchers named below. 
 
A reply paid envelope has been included for the return of the questionnaire. Alternatively, 
questionnaires can be faxed to (08) 9360 2235. 
 
Results are strictly confidential and will be used for research purposes only.  No information will 
be given to anyone not involved with this research project.  
 
Yours sincerely 
 
 
 
 
Dr Brown Besier   (Veterinary Parasitologist, Dept. Agriculture, Albany; 9892 8470) 
Dr Una Ryan    (Parasitology research scientist, Murdoch University;  9360 2482) 
Caroline Bath    (Post-graduate student, Murdoch University;                9360 2235)  
 
LAMBS 
 
Name under which the sheep were consigned: 
 
_______________________________________ 
 
Date of consignment: 
 
_______________________________________ 
 
 
1.  Were the lambs in the consignment carry over lambs (2001 drop – white tag) 
or 2002 drop (orange tag)? 
   2001 drop (white tag) 
   2002 drop (orange tag) 
 
2.  In which month did lambing commence?  
______________________________ 
 
3.  How were the lambs fed prior to consignment? 
   Straight off pasture 
   Pasture with supplementary feeding 
  Feedlot   
How long were the lambs in the feedlot? 
_________________________ 
 
4.  Were the lambs grazing/feeding with their mothers in the 4 weeks prior to 
consignment? 
  No 
  Yes 
 
5.  Were the lambs grazing in the paddock(s) in which they lambed prior to 
consignment (or up to a month before this)? 
  No 
  Yes 
 
6.  Were the lambs drenched at any time before sending for slaughter? 
  No 
  Yes 
Approximate date and product used:___________________________ 
 
7.  Did the ewes (mothers of the lambs) receive a drench in the month prior to 
lambing? 
  No 
  Yes 
Approximate date and product used:__________________________ 
  
  
8.  Did the ewes (mothers of the lambs) receive a drench after lambing? 
  No 
  Yes 
Approximate date and product 
used:______________________________ 
 
9.  Were the lambs shorn prior to consignment? 
  No 
  Yes 
Approximate date of shearing:______________________________ 
 
10. Were the lambs crutched prior to consignment? 
  No 
  Yes 
Approximate date of crutching:______________________________ 
 
11.  Were the lambs “dirty” prior to consignment? 
  No 
  Yes 
  Approximate percentage (%) dirty:_________________________________ 
 
 I WOULD LIKE TO RECEIVE A COPY OF THE FINAL REPORT   (tick if “yes”) 
 
Comments: 
  
 
MUTTON 
Name under which the sheep were consigned: 
 
_______________________________________ 
 
Date of consignment: 
 
_______________________________________ 
 
1.  Were the sheep in the consignment: 
  Ewes 
  Wethers 
  Mixed 
 
2.  What was the age or tag colour (or colours) of the sheep in the consignment? 
 
________________________________________________________________ 
 
3.  How were the sheep fed prior to consignment? 
   Straight off pasture 
   Pasture with supplementary feeding 
  Feedlot   
How long were the sheep in the feedlot? _____________________ 
 
4.  If ewes were included in the consignment, did they have a lamb in 2002? 
  No 
  Yes 
 
5.  Did the sheep receive a drench in the 2 months before consignment ? 
  No 
  Yes 
Approximate date and product used of the most recent drench:  
 
________________________________________________________________ 
 
6.  When were the sheep last shorn? __________________________________ 
 
7.  Did the sheep need crutching in the 2 weeks prior to consignment? 
  No 
  Yes 
Approximate percentage (%) 
dirty:______________________________ 
 
I WOULD YOU LIKE TO RECEIVE A COP  Y OF THE FINAL REPORT    (tick if 
“yes”) 
  
Comments:  
  
11.3 APPENDIX THREE: GENOTYPING RESULTS FOR CRYPTOSPORIDIUM 
SPP. AND GIARDIA SPP. IN CHAPTER 5 
11.3.1  Phylogentic relationships for Giardia isolates 
Phylogenetic relationships of Giardia isolates inferred by neighbour joining analysis 
of Tamura Nei distances calculated from pairwise comparisons of the 18S rRNA 
sequences. Percent bootstrap support (>70%) from 1,000 replicate samples is 
indicated at the left of the supported node (Ryan et al. 2005). 
  
 
11.3.2  Phylogenetic relationships for Cryptosporidium isolates 
Phylogenetic relationships of Cryptosporidium isolates inferred by neighbour joining 
analysis of Tamura Nei distances calculated from pairwise comparisons of the 18S 
rRNA sequences. Percent bootstrap support (>70%%) from 1,000 replicate samples is 
indicated at the left of the supported node (Ryan et al. 2005) 
  
  
Phylogenetic relationships of Cryptosporidium isolates inferred by neighbour joining 
analysis of Tamura Nei distances calculated from pairwise comparisons of the HSP-
70 DNA sequences. Percent bootstrap support (>70%) from 1,000 replicate samples is 
indicated at the left of the supported node (Ryan et al. 2005) 
  
 
 